NORTH  ATLANTIC  TREAT*  ORGANIZATION 


ADVISORY  GROUP  FOR  AERONAUTICAL  RESEARCH  AND  DEVELOPMENT 


EMERGENCY  STOPPING  OP  AIRCRAFT  WHICH 
CYEft-RUN  AIRFIELD  RUNWAYS 

by 

J.  Ttionlincon 


Roi»rt  par  presj.ntod  at  thn  Thirteenth  Meeting  of  the  Flight  Teat  Penal,  hold  from 
Rflth  to  25th  October,  i!)53,  in  Cope. Amgen,  Denmark 


SUMMARY 


This  papur  discusses  In  broad  principle  nany  o f  the  various  ways  that 
have  either  been  tried  or  proposed  for  stopping  aircraft  which  aver-rnn 
nn  airfield  romay,  Soft  ground  over-run  urea  schemes  are  discussed  and 
not  regarded  with  favour.  Mechanical  schemes  nre  considered  where  special 
fittings,  such  ns  an  arresting  hook,  are  provided  on  the  aircraft,  and 
also  i.hcre  no  3ueh  fittlnea  aro  provided.  Aircraft  'catching'  devices, 
ouch  ns  arresting  wirc3  end  barrier  nots,  are  exenined  and  the  energy 
aboorption  s: stems  t.hlch  night  bo  U3cd  are  described.  Sons  of  the  nore 
Important  points  in  tho  ncchontcn  of  these  seheses  are  briefly  ceationed. 


SO'iHAIRB 


II  s’ ngit  c'.’no  cetto  cor  umlcetion  d’ltu  oxpnr.i  4  grands  traits  de 
pli'sieurs  ikx  ujUoJro  r.n.bm.v.M  soit  dd.l4  sn'iijfcj  soit  propcsifes  cn 
vue  do  1*  arret  don  avlons  qui  dtrpssr.ent  lea  Unites  d’ur.o  piste.  Ces 
projots  ntUisr.it  du  sol  i  ou  sont  exar.in^a  r.iia  sont  consid^rfs  pan 
av.v.itcgeox.  Sont  4jal?.:,ant  trails  das  piojets  out  consistent  4 
(d'.iloycr  ut»  epr 'roil.V'.ge  utfcanlquo  et  scion  1? .‘quels  les  avion*  sont 
[  cels  da  Ul&:wltifs  sp'claux,  tol  qa’  u;i  crochot  d' arr3t,  ainst 
quo  d's  pro.'  is  qul  r.e  privoiout  pus  da  tal3  disnositifs.  Dca  disposl- 
tlis  destines  4  peer  ocher  lt-3  avlons,  tola  qua  cables  d’ writ  et 
barri'ii-j  da  securlt*!  sont  exnuln^u  et  den  nystuxas  d’ absorption 
d’^norgie  pcuvn.it  otve  ctploy^s  sont  (h'crlts.  Curtains  des  aspects  pins 
lr  portents  do  In  nScaalqua  de  ces  prnjets  sont  sonssairewaot  exposes. 
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EMERGENCY  STOPPING  OF  AIRCRAFT  WHICH 
OVER -BUN  AIRFIELD  RUNWAYS 


J.  YhO-'llnSOO* 


1.  INTRODUCTION 

Incidents  occur,  fortunately  only  infrequently,  but  with  sufficient  frequency  that 
they  cornet  bo  ignored,  in  which  r.n  aircraft  having  traversed  the  length  of  a  runway 
arrives  at  the  end  with  30Eit»  speed  and  continues  Into  what  is  usually  known  as  the 
over-run  or  overshoot  area.  The  consequences  of  such  a  situation  depend  to  a  high 
degreo  upon  the  speed  v/ith  which  the  aircraft  leaves  the  runway  and  also  upon  the 
type  of  uircraft,  particularly  its  '/heal  lording  and  the  nature  of  tho  overshoot  area, 
especially  if  this  area  extends  beyond  the  airfield  boundary  and  encroaches  on  build¬ 
ings  or  highways. 

Over-running  nay  folios*  either  abortive  (or  rejected)  tako-off  or  a  landing,  the 
latter  being  the  more  frequent. 

The  circumstances  fro.3  which  over-running  may  arise  are  many  and  varied,  including 
failure  of  aircraft  wheel  brakes  and  iced  runway  surfaces,  to  non t ion  but  two  of  the 
care  obvious  causes. 

It  is  not  the  purposo  of  this  paper  to  era-lino  the  sources  of  trouble  (much  less 
suggest  solutleas)  vhich  result  In  over-running.  It  is  assumed  that  over-running  is 
lue. itabla  end  it  is  the  purpose  of  this  paper  to  examine  tho  problem  of  how  to 
ultimate  t.he  situation,  short  of  sir.ply  providing  yet  longer  runways. 

The  author  of  this  paver  has  net  examined  tho  less  statistics  In  respect  of  lives 
end  material  resulting  iron  oxv.-- running  aircraft,  but  anyone  who  reads  the  news¬ 
papers  will  be  aware  that  here  a  problem  assuredly  exists  -  and  to  der-.ind  that  suit¬ 
able  action  be  taken  seec.s  to  be  reasonable. 

It  in  difficult  to  assess  ho*  tuch  attention  is  being  given  to  tho  problem  in  the 
various  countries  of  tho  world;  yet  it  vuuld  appear  that  In  civil  aviation  very  little 
is  being  done,  whilst  in  the  military  field  tho  authorities  are  beginning  to  be  much 
core  conscious  of  the  problem  and  action  is  afoot;  tho  higher  cost  and  greater  take¬ 
off  end  landing  speeds  of  military  aircraft  are  presumably  responsible  for  the 
different  attitudes. 

It  should  bo  made  knora  et  cn  early  stage  of  this  paper  that  there  is  no  known 
central  solution  to  the  problem  -  hence  its  challenge.  Even  lengthening  a  runway, 
when  this  is  possible,  is  not  a  solution,  but  only  a  palliative. 

The  problem,  stated  in  its  simplest  form,  Is  that  of  stopping  an  aircraft  from 
eny  speed  up  to  ito  take-off  value  (which  My  be  as  high  as  200  knot3)  within  s 
reasonable  distance,  and  with  us  little  damage  to  tho  aircraft  as  possible.  This 
having  been  accomplished,  the  errant  aircraft  shall  be  removed  from  the  line  of  flight 
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!te  overshoot  control  be  effectively  cycled  again. 

It  *  for  consideration  whether  or  not  a  aolution  \^Z^o  Si" 

the  isalcua  possible  (e.g.  *^^*®”  8JJ^er  „lue  <e.g.  60S  or  VJ%  of  the  take-off 
as  the  design  fl^o  »  ***?  «”» '  J  g  L,  with  the  rare  Instance, 

speed),  leaving  the  overshoot  device  to  cope  as  was  w 

of  stocks  aboro  thla  Ttln** 

A  solution  to  the  preblea  Is  always  souaht  J®™^*  thl^force  until  the 

applied  to  the  aircraft  .n  ^^^^"raUrdatior.  varies  directly  with  the  square 
aircraft  is  breugnt  to  rest.  wUUin  which  It  is  required  to  brlug  the 

of  tho  initial  speed  and  the  leDstho!B*  th-'ualforn  retardation  required  for  initial 
aircraft  to  rast.  Table  1  gives  7„is  implies  that  the 

speeds  of  up  to  2C0  knot,  wi  ^dissipated  -  this  energy,  in  a 

SS“iSS  ££<££5  ~  ~  «« *  th® — 1  “d  diB9ipated  bT 

natural  cooling. 

„ro  nnt  normally  designed  into  an 

Features  to  copo  with  the  over-run  .  present  problca  to  devise  cays 

aircraft,  aad  therefore  it  is  a  vltr.l  P-rtof  u  P  usually  designed 

-  ™-  •><  “•  ””*”2  "S  “  ITiSt »  »•  -»>«"  *»“ 

■ ■es*  *.  2  s- 

setjlss  Si  ,  -  ~  - 

is  provided. 

2.  APPLICATION  TO  TS*  A1CCWFT  0?  KK'iafl'JATION  FORCES 

»  **»*  «.».  «  -««•  -  « * 

.«  ,  at  -VE-  -try  or  Intel  sect  this  plane  behind  the 

(a)  either  bo  in  the  vertical  plane  of  -yt-etry  or 

aircraft  centre  of  gravity,  and 

(b)  li8  in  an  approximately  horUoutal  plnne  which  p«»  approxboitely  through 
tho  aircraft  centre  of  gravity. 

Tbe  first  s'teeriig  ^ToHracticable.  However, 

-  «■  ;s  -Qi"hln  llBlts  but 

should  not  be  allowed  to  develop  to  the  extent  of  ground  looping. 

.  v  that  the  arresting  forces  shall  not  apply  excessive 

jszzsrs&z?- — . - « *  — - — 

then  SQM  relaxation  of  this  requirement  is  permissible. 
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Tho  problca  will,  la  tha  main,  be  discussed  around  the  conventional  noso-rheoled 
aircraft  having  two  main  wheel  units  behind  the  centre  of  gravity  end  on  either  side 
of  the  vertical  plane  of  cytrcetry.  Tho  diaoussloa  will  also  apply,  In  the  mala,  to 
Jet-propelled  aircraft.  It  will  be  fairly  obvious  however  when  tho  discussion  la 
applicable  or  not  to  the  various  other  combinations  of  aircraft  configurations,  oach 
as  propollored  slrcraft,  tail-wheel  undercarriages,  bicycle  undercarriages.  etc. 

The  points  at  which  arresting  fore  a  as  i  be  applied  to  a  conventional  air fr ora  are 

(1)  the  wheel  axles,  particularly  the  tair  wheels,  this  force  being  the 
reaction  to  rolling  resistance  developed  between  tho  tyres  arl  the 
ground  -  the  surface  of  tho  ground  being  specially  prep,  red  to  develop 
rolling  resistance, 

(11)  tho  main  wheel  undercarriage  struts  nr.d  associated  structure. 

(Ill)  tho  leading  edge  of  the  main  plane, 

(lv)  tho  lending  edge  of  tho  tallplaso, 

(v)  the  leadiug  edge  of  tha  fin, 

or  (vi)  at  specially  designed  fittings,  such  es  ca  arresting  hook  as  In  r.nval 

carrier -borne  aircraft,  or  hooks  rttachcd  to  the  rain  nnilorcarrlr  pc  .'truls, 
or  sci. 3  other  su:h  development. 


3.  APi’SCAClksS  TO  TCS  CrWWL  ITOOhEU 

An  PXivninatioa  of  tho  list  of  points  rt  which  the  arresting  forces  c;ui  la  applied 
r.uiy  rits  t..o  bre-.d  rpjcc'.ohen  to  the  problem - 

(n)  Soft  ground  orer-nw  urem.  Here  the  greuad  offers  considerable  rt.;t  ;trnoe  to 
roliius  ebmola,  cron  if  tho  brrJxa  ere  inrporutive,  tho  rcolMt-oco  :•  .lug  trr.ns- 
Bltted  to  tho  wheel  axiom  cud  thcnco  to  the  whole  aircraft  ctructu-’ts. 

(b)  Arresting  gear  octv.ea.  "era  the  aircraft  cn  entering  the  over-nra  r.rca 

engages  a  not  or  ro  ?e,  or  cc.ea  ouoh  catching  device,  which  in  turn  its  connected 
to  r.n  ori^rgy-ebr- orbing  ricchanlstn. 

Division  (b)  -  c-.d  fron  it  could  appear  to  come  the  most  promising  overc’oot  control 
devices  -  era  (for  tha  purpose  of  discussion)  be  divided  Into  two  parts:  - 

(1)  Catching  devices. 

(11)  Encrfey-Rbmorblng  ccchanlsms. 

These  Item  (1)  and  (11)  ern,  in  general,  be  discussed  quite  separately,  since 
usually  any  cr.tchlng  device  cun  be  linked  to  e ny  ccergy-absorblng  nechrnis*. 


p  . ' 
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4.  SOFT  6 BO UNO  OVER- RUN  AREAS 

It  Is  desirable  that  the  resistance  offered  to  the  ground  by  a  moving  aircraft 
3houM  be  proportional  to  the  c'i^t  of  tbe  aircraft,  bat  independent  of  its  geometry 
(particularly  the  ubeel  arrar.  (recent),  ao  that  the  retardation  (expressed  in  V  unite) 
is  the  rase  for  all  aircraft.  Unfortunately  this  ideal  Is  for  frea  being  realised 
in  practice. 

The  soft  ground  principle  does  not  conforu  to  the  requirement  (b)  of  Section  9. 
that  the  arresting  force  shall  U  In  a  horizontal  pit  a  close  to  the  c.g.  of  tho 
aircraft  and  therefore,  unices  the  Ground  reals tanco  1?  of  a  small  order,  there  Is  • 
denser  of  overload  ’  ng  the  nose -wheel,  since  the  ne?c-*:-.:?l  will  to  subjected  to  both 
drag  loads  (froa  the  soft  grocnJ)  end  to  docn  londs  (crcr  end  above  ncrial  st&tle 
loading),  b7  virtue  of  the  sc.-e-dom  pitching  cement  C-  ersted  hy  the  ground  drag 
louda.  This  ccm-it  will  of  cc-.ru c  Increase  rs  the  ratio  (height  of  o. g. )/(nheel  base) 
Increases. 

Tuo  action  which  takes  place  as  aa  aircraft  traverses  soft  ground  Is  that  tho 
kinetic  c.i'i.'ty  of  the  aircraft  is  encoded  iu  cutting  ruts  In  the  ground  If  the  latter 
Is  of  a  plastic  cad  ccfcesivs  nature,  er  the  wheels  r.my  sink  Into  the  gro.  ad  a  id  proceed 
to  pcch  the  earth  usids  -  analcjcis  to  viscous  field  dre  •  -  pcrtirulwrly  If  the  ground 

in  Icc^e  or  friable.  The  actios  is  tsost  probably  a  combination  of  each,  depending  on 

the  ep.>-d  of  the  aircraft. 

In  discussing  over-rue  ccstiol  it  is  often  suggested  that  the  ovar-run  area  bo 
plor-hd  up  -  rs  for  agricultural  purposes  -  and  thi3  suggestion  is  sometimes  sup¬ 
ported  hy  lustsnces  where  the  schema  boa  worked  -  ez  call  it  rmy.  In  sore  circua- 

stmr.ccs.  virgin  ground  is  effective  in  a  similar  vv.y;  for  example,  if  a  heavy  aircraft 

with  high  r-ressure  lyrco  accidentally  svrlncs  off  a  corn-arete  runney  on  to  the  adjacent 
verges,  tie  wheels  miy  veil  c  t  ruts  in  the  ground  eu*  experience  considerable  resis¬ 
tance,  a  resiutiU’.co  uot  slv.ys  appreciated  until  efforts  are  made  to  haul  the  aircraft 
back  on  to  the  ruavay. 


Fir  at  taovgita  Indicate  that  a  soluti<?n  to  the  over-run  problem  night  well  bo 
found  3  a  the  natural  ground  In  the  wrerehoot  sr*?a.  SxiTsr,  the  resistance  offered 
to  a  roil  Lag  aircraft  Igy  such  grczid  Is  so  variable  end.  recognising  the  strength 
llQltntlons  of  ns  aircraft  In  respact  of  such  forces.  V  i  scheme  lomcn  its  attractive¬ 
ness.  The  variations  arise  Area  the  variable  chars cttmistica  of  tba  ground.  This 
way  vary  frci  light,  lc^ce,  sandy  material  to  roll  compacted,  heavy,  cohesive  soils  with 
good  heaving  cup-city.  Variaticv.3  sill  occur  with  different  moisture  contents  and  will 
thus  vary  with  ih9  weather  and  season  of  the  year.  If  the  ground  is  ploughed,  then  the 
bearing  end  rolling  resistance  will  vary  with  the  depth  of  ploughing  and  this  again  will 
vary  with  the  passage  of  tine  and  the  natural  consolidation  which  will  occur,  and  with 
the  grc.th  of  vegetation  chick  ray  develop. 

With  all  these  factors  in  tir.d  it  is  concluded  that  rae  would  have  very  little 
wjntrol  over  the  resistance  to  be  developed,  end  it  is  difficult  to  justify  a  serious 
approach  to  a  solution  along  these  lines.  Kivertheiers  tbi3  does  not  exclude  the  use 
of  snch  a  scheme  in  particular  cireuTslences  aud  is  cirvlcualy  better  than  no  pre¬ 
cautionary  measures  at  all.  Tin  author  knocs  of  no  plajur’d  and  organised  trials  of 
such  schemes. 


Riving  abandoned  the  proposal  to  n*  estcval  ground,  either  processed  (l.o.  flonglwd) 
or  la  Its  virgin  slots,  attention  U  tuned  to  bc*j seas  iters  s  specially  prepared  soft 
surface  is  c:sd  with  prc  ;:cts  of  achieving  greater  control  of  rcslstsr.es  to  o  coring 
aircraft.  /'  icg  th?3«  lines  several  Ideas  spring  to  nlnd.  First,  It  Is  propess-i  that 
tui  s  hard  bearing  eur'see  ervh  as  con  crate.  Is  In  id  a  Irycr  of  loose  titer  lsl  r.A  as 
siud,  gravel  or  shingle.  of  a  also  sod  depth  yet  to  to  determined.  The  rigid  tws 
coaid  control  tfca  depth  to  cMch  ths  cheols  would  slat;  on  natural  ground  this  festars 
lc  uncontrollable  ar.d  Is  lllvly  to  contribute  to  a  hiuh  vlc.’rca  to  ths  lech  of  ccrtrol 
of  rjsint-rce.  Ths  rhcels  of  ths  aircraft  os  they  arc  forced  horizontally  ttrendh 
snch  a  tod  weald  exporleoce  s  resistance  which  it  Is  considered  scold  very  «a  seas 
fcTxtlea  of  the  sp*cd  of  the  aircraft  and  tha  cross  -sectional  area  of  tha  rut  fonad 
in  ths  ted. 

Thus,  If  epi-rcainatoly  mlfcru  resistance  la  rtcjlred  then  the  depth  of  ths  bod 
c«r:Jd  1x73  to  Increase  pr o  '  :■  .•l%ely,  end  It  ocild  Live  to  tj  u  itch'd  to  ths  tjiv 
ojdth  fc.nl  to  ths  weight  cf  ths  aircraft.  It  fcllcAi  t’.  jvsfere,  tbit  a  gives  fctsl  sf 
ifravel  mild  react  dlff.  .tly  with  aircraft  of  diif  :<  ct  rcichts  r.td  W.tel  tyrs 
’slsoa  end  lu  in  ooaJc;:enes  ret  of  goecrtl  vpllcitlco.  tltllst  it  la  coj-jidircd 
tbit  last  rornleo  would  to  ubtaloed  with  pebbles  of  ft  uniform  ales,  Ky  cheat  oa 
inch,  there  ace  a  ul  .!  r  uf  di^ihrr.tsp*.  fhay  weald  cr*:  toot  favourably  ca  high 
p.xt  jure  tyrsb  rrti  c©  j  aoild  Inevitably  !io  throru-ry  at  tha  aircraft  - 

r : .  ilbiy  getting  into  r  .Its  Litafcs*.  Ho.-crcr,  bl.'j  d  >io  vould  hut  to  t'  tssrusd 
egr/just  the  dtaa.ge  rccu It ir 7  frua  ra  uecoatrolled  ever-run. 

tuc  author  bac.u  of  tlx:  3  losUacos  where  gravel  1  '»  tor.va  hi  cut  rpruad,  but  the 
t.lr.3  of  erltlrg  have  act  L  ..j  merged  by  aircr. !t.  C^:b  a  Isd,  unless  cnrefully  xita- 
tnla  1,  will  rcer  ulite  d:-t  t  :d  vegetation  vojJd  dev? Icy,  r  id  L'.;pce  ccssoll&rtlcj 
would  result,  e  ui  «a  atncait  would  .rids  ever  rutfcjr  then  through  It.  dlao,  l-» 
cc.vJltlt,rj  of  sar.f  end  fr.  -t  ths  bod  wovM  loc  o  its  flcld-like  prci-rtiea,  rrzrrrc 
solidarity  >-id  eo  be  Ineffective  -  Ineffective  rhea  it  a  use  la  lively  to  be  In 
gr&'Xect  demand. 

/.noth cr  idia.  follcci  m  t*-s  sasi  priaclilu  bat  rr.rr  leg  a  different  practical 
foru,  la  to  provide  a  ire/,  a  of  v-atcr,  of  progressively  incrarrleg  Jjytli.  BcoL  'xxo 
hire  ild  ho  dua  .vT-  t  cutirs ly  to  field  drag,  cl  rater  being  c..ly  half  tho  da*,  ity 
of  greval  would  ti  s  dst“cd  ,1  ;.uoh  grritcr  dvpth  thra  for  gn-iol.  Tn  cfdltloa  to  Its 
Lieffcctivoess  darlc*  i  ric-'a  of  bird  frost;  tho  initirl  coat  cad  r:  .intanancs  *.?L» 
this  sche-xs  ir<.cttrBrtivs.  It  Is  of  lrteroct  to  note  I.-,  .ivc.r  tU  .t  trials  of  such  a 
schema  rc re  l  -  ’.j  in  F.rr^iu  ao.ee  years  a 70,  but  the  idea  d;os  act  epp^rr  to  Ufa  bton 
developed. 


with  tho  object  cf  ovircc  Irs  the  ircrf«cttv"*!0'*5  -  f  the  previous  schemes  In 
cci-Jitlcro  of  trout,  flutter  schetKS  are  pror-osed  of  c,  cove  sophisticated  uaturs. 

Here,  a  rlsid  bass  Is  scrfac:!  with  a  layer  of  a  fen  spools  rubbor  scaled  In 
such  a  rsy  as  to  esc  Info  aolstsro,  or  surfaced  with  r.  .*/ 1  .uratle  onttroas.  By  virtas 
of  tbe  area  to  Li  earicod  th.-.-c  scfce-.is  rculd  b3  erp'~  i.e  rxd  their  rate  of  detsriara- 
tioa,  vl. ether  they  cove  engaged  by  aircraft  or  cot,  *ccld  be  high. 

Co jfi dense  in.  or  er.thuslrv r  for,  such  r.cbcms  hss  r.ot  heen  sufficiently  high  to 
load  to  trials,  wltLiu  M  2  tacr'ledgo  of  ths  author. 


In  closing  this  nrltt  of  aoft  ground  ever-run  inu  It  ahooli  to  pointed  oat  that 
they  present  *  •oareo  of  danger  to  undershooting  aircraft,  since  mb#  of  then  can  bo 
unrigged  and  restored  alien  aircraft  are  required  to  approach  over  tha  when  landing. 
The  possibility  of  ca  aircraft  undershooting,  In  Its  approach  for  landing.  In'  alnoet 
as  great  as  that  of  overshooting,  and  therefore  thla  aspect  of  tbo  problea  cannot  ho 
Ignored. 


».  AZCC7.AP*  ARRESTING  GEARS 
5.  1  Ccicral 

For  the  purpose  of  discussion,  the  arresting  gear  problea  can  ho  divided  Into  too 
parts: - 

(a)  T'ans  far  catching  hold  of  tho  aircraft  so  that  retarding  forcos  ray  ha  applied 
to  the  aircraft. 

(b)  1‘aans  for  ab.'orblng.  sud  thea  dissipating  the  kinetic  energy  of  tho  aircraft. 

T.uilr.t  it  is  ucml  to  assacie  that  all  the  kinetic  energy  of  Uj  aircraft  irf  tales 
up  by  the  absorber  un it ,  t>o.n  Is  dissipated  through  rolling  r*slrt*,ucc  cud  aerodynamic 
drag. 

In  general,  any  of  tho  catching  devices  ton  to  used  in  conjunction  with  any  of 
tho  energy -ev sorbing  devices. 

THicn  operating  aircraft  iron  naval  carriers,  arresting  gears  era  aa  erseutlnl  part 
in  tho  cper&tloi  of  loading-on  the  deck  of  a  carrier.  Guch  aircraft  are  designed 
vlth  'a  arresting  hook,  which  in  arrraiged  to  encage  n  steel  repo  stretched  screes  its 
flight  i*th  and  supported  a  fev  inches  off  the  dock  -  the  steal  rope  being  no  integral 
prrt  of  tho  eaertgr  absorbing  cystcu.  In  ra  e-ergeney,  which  ncy  fco  duo  to  failure  of 
tho  RTiectlag  hook  to  fmctica  correctly,  the  aircraft  is  flown  late  s  not  which  In 
attached  to  on  caergy-ahRorbiag  stcchani&ji.  These  two  systers  have  been  In  goneral  can 
fer  the  pant  25  yours  and  there  Is  eoosldorable  cip'rionce  in  tills  field  which  rany  be 
applied,  nrlificd  ns  mcoraary,  to  the  probleu,  of  controlling  overshooting  aircraft 
03  rlr fields.  Modified  as  necesrory*  is  erykcslrod,  because  cn  a  carrier  tho  space 
avail*  bio  is  considerably  less  than  is  noreally  available  on  an  airfield. 

Thus,  whilst  stopping  distucccs  on  a  carrier  are  about  2C0  to  250  ft,  the  corres- 
pca-iiii-;  distances  for  an  airfield  cay  approach  SCO  or  even  1030  ft.  Hrnce  tho  retarda¬ 
tion  &-d  the  crrrstiug  forces  eve  rvoch  less  eu  the  airfield  and  the  weight  penalty 
on  the  aircraft,  where  srocially  ins Idled  structure  is  provided,  is  correspondingly 
lore. 

Cher9  the  catching  device  is  connected  to  the  energy  absorber  by  scans  of  n  ropo, 
tho  weight  of  rope  required  is  directly  proportional  to  tha  kinetic  energy  of  the 
aircraft,  but  the  length  of  rape  is  proportional  to  tho  stepping  3istar.ee.  This 
length  of  rope  presents  special  problems  in  sons  designs. 


5.2  Catching  Devices 


Here  there  are  two  divisions  -  that  where  the  aircraft  1b  not  specifically  designed 
to  he  arrested  other  than  by  conventional  w'icol  brakes  tad,  raybe,  a  tall  parachute; 
ar.d  that  nhere  arresting  is  considered  la  the  design  eed  appropriate  structure  Is 
provided.  Thus,  in  the  second  case,  8 ope  weight  pocalty  Is  Incurred  and,  small 
thcigli  it  my  be,  It  is  usually  looked  upon  with  disfavour  by  aircraft  operators  - 
civil  or  military. 

5.2.1  Conventional  Arresting  Hook 

Ety  ‘conventional*  Is  nenut  tfc .  typo  of  unit  uorcnlly  dcslenod  into  naval  carrier- 
borne  aircraft  -  ns  shorn  in  Figure  1.  Cuch  a  hcoi  would  engage  with  a  wire  stretched 
acre  s  Its  pith  end  cuppcrted  a  few  inches  clear  of  the  ground.  TIio  weight  of  such 
an  installation  is  20-30  lb  for  each  10, 0C0  lh  of  aircraft  for  each  V  unit  of 
retardation  develop*!  during  the  arrest.  Ko  diia’.ge  will  be  ccetaicel  by  the  aircraft. 
Toe  aircraft  i3  directionally  stable  in  both  pitch  Rnd  roll  and  tho  sensation  experi¬ 
enced  by  porsn’iscl  In  tho  aircraft  ia  niisilnr  to  ih:,fc  pici'-sed  ly  bar.  I  or  violent 
br.t.'.ir.g  in  a  actor  car  -  lard’  or  ‘■violent*  dop-n  'lng  c.i  tfco  level  of  retardation 
dcTolcpad,  which  In  turn  depends  c-.iinly  upon  the  o-.i’gn  of  the  energy  absorber. 

The  follc.'ing  values  aro  typical  for  a  practical  case:- 


Koicht  of  aircraft 

30.  COO  lb 

rudi.jn  retardation 

Is 

Weight  of  entire  hook  installation 

S3  lb 

l.'ioa  retardation 

0.8g 

Engaging  speed 

100  knots 

Stopping  (Ustrx.co 

ET0  ft. 

There  era  minor  differences  betveon  carrier  sal  airfield  o-.-cr-rua  op ’rat  ion.  On  a 
carrier,  in  a  high  preportioa  of  landings,  the  hc-uk  will  engr.ge  m  arresting  wlro 
while  tho  aircraft  is  In  flying  attitude  end  the  chcal  cierr  cf  dock.  In  ovor-running 
on  sn  clrfiold  the  aircraft  ./ill  be  rolling  along  tV.a  ground  aid  the  vd.cels  will  roll 
over  the  wire  heforo  i'-.o  hock  can  engage  It.  The  Hire  1c  thus  set  vibrating  in  a 
vertical  plane,  between  the  wire  supports,  and  chances  cf  engaging  tho  wire  ore 
enhanced  or  prejudiced  according  to  tho  cc  /figuration  of  the  wire  at  the  iustont  that 
tho  book  -caches  it.  This  situation  need  rot  pre.-e.at  uadus  difficulties  providing 
that  it  I  a  recognised  and  account  taken  of  it  In  detail  design  (see  Reference  1). 

The  arresting  hook  eolation  to  the  over- run  probl-.j  is  rest  probably  tho  neatest 
aud  slc.plest  solution  that  can  be  devised.  There  is  no  d^-r.33  whatsoever  to  the 
aircraft,  end  the  Ground  equipment  is  simple  and  can  ha  cede  unobtrusive.  Provided 
that  the  aircraft  wheel  brakes  era  not  being  applied  as  tho  aircraft  reaches  the  end 
cf  its  forward  travel,  the  strain  energy  in  t'ue  repo  sjstea  at  this  instant  will  cause 
the  aircraft  to  roll  Isck  r:\rda  a  little  aud  the  arresting  hook  thus  frees  itself  froa 


• 

the  wire.  If  pilot  control  of  the  book  la  provided.  It  con  bo  raised  and  tbo  aircraft 
taxied  away,  thus  clear  Inc  tbo  ores  quickly  and  mortice  the  runway  for  further 
landless. 

nth  the  arranceacat  described,  the  stopple s  of  tbo  aircraft  end  reaoral  ftca  tbo 
nmn&y  area  can  be  completed  is  less  ties  tLa  it  takes  to  describe  it.  for  a  weight 
coat  to  the  aircraft  of  a  st  all  tract loa  of  oco  per  cent  of  its  weight. 

S.f.f  IhcUr  carriage  Retardation  Ueing  Special  Fitting a 

It  the  arresting  book  schera  is  rejected,  than  cue  torn*  next  to  strong  points 
already  existing  cu  the  aircraft.  The  cadcrcorrlago  provides  snch  strong  points. 

Brief  trials  hare  been  rsde  with  s  slc.ilc  arrer-ting  vim  supported  at  ccoh  a  hoight 
as  to  be  engaged  hy  the  none  t/hoel  stmt  of  at  alrerr.ft.  In  this  csjs,  svea  if  tbs 
retarding  force  drvelopod  Is  sufficiently  lew  to  lw  wi'.hla  the  drag  ctrenith  of  tbo 
wheel  installation.  t!.  :n  tha  aircraft  is  directionally  castable  and,  Irawd lately 
follc.lng  et.c:is:LEnt,  ths  nirciaft  will  alrrrt  certainly  start  a  ground  loan;  heavy 
tic*- loading  cf  nil  the  wheel  units  Hill  develop  and  them  is  a  real  nsor/.r  of  min 
wheel  unit  ccllap:.e. 

Ill c  rain  undercarriage  is  the  ares  -Vnre  a  solution  is  often  rcuciit.  H;s  object 
Is  to  apply  the  arresting  force  to  the  tain  rical  struts.  usually  tpr  errancies  for  • 
the  nose-wheel  to  pic  3  evor  a  ccnvsnticsnl  arresting  wire  cad  then,  either  throwing 
uj  the  uire  no  that  It  is  caught  on  the  rhcsl  struts  (this  xithed  will  be  d’r.usced 
la  tor)  or  caing  rs  arrangeecnt  of  hooks  cr  scoops  which  will  fceilltats  tJ  e  applica¬ 
tion  of  the  arresting  feme,  dsvalo;  ;d  with  the  arrxstiz.g  -wire,  directly  to  tader- 
carritgo  struts. 

V 

Figure  3  rh«m  the  configuration  cf  tha  rc;i  cad  urd-Tecrrirge  streto  s ;.d  tie  my 
in  which  the  struts  are  subjected  to  sa  tube  rj  ccopc r.e-fc  cf  force  as  toll  an  a 
retarding  force.  Tbo  arresting  wire  rjst  eurr*  both  strvta  -  a  feature  which,  in 
r.-ny  sehcKcs,  cannot  ho  duTclopud  to  to  ccrsiettatly  roli-ble.  It  r.c? rs  mrrssuable 
to  asouoe  that  an  aircraft  cr.a  withstand  errant  in*  farces  applied  to  -aly  era  n.ia 
lug.  Hocever,  triple  hive  shorn  that  tha  British  K-.chaT  rugtar  aircraft  ccn  with- 
sta&d  such  harsh  tnctnent  without  collcpso  -  t'.?  aircr.Xt  cringing  Icto  a  trcc’Hldo 
position  with  heavy  side -leading  oa  tha  rain  sf  asls,  particularly  tits  iarnu_\t  leg. 

Por-ard  facing  scoops  nay  be  fixed  to  the  rrd'rcorrt-.pi  struts,  as  shown  is 
Figure  4,  end  are  arranged  to  e,irai,o  r.n  arresting  wire  a  1  Jo  fleet  it  clear  of  the 
csin  wheel  (which  nculd  otherwise  roll  ever  tfcs  wire)  tad  cp  on  to  the  coin  afcoel 
struts.  Cnlevs  sore  scissor  feature  is  intrer-sced  icto  the  tcccp  structure.  the 
toe  rust  be  well  clear  of  the  grand,  in  order  to  sccocccfnte  tyro  deflection.  Thao, 
unless  suitable  steps  are  tahen  to  control  the  wibratlcos  of  the  arresting  wiro 
foliating  the  passage  over  it  of  the  ncso-thesl.  there  Is  a  possibility  of  the  scoop 
parsing  over  the  wire  end  falling  to  engapa  it  -  or  only  *:.;~xin*  cno  leg. 

Such  scoops  are  located  outside  the  profile  of  the  Bln  -  heels  end  as  such  do  not 
lend  theasalves  to  neat  and  clean  retraction:  they  ray  tell  have  to  be  left  rrotmdlng, 
thus  introducing  a  penalty  in  drag  as  well  as  la  weight. 


Another  rethod  of  applying  tie  force*  ttm  a  eourer.ilcnal  arresting  wire  to  th* 
min  nndcrcarriaca  1*  to  provide  trailing  hooks  to  each  uu  log  unit.  Fisurs  3(a) 
shows  na  ensple  of  a  hook  trail  la  directly  froa  tho  rota  »’:m1  axle;  In  such  an 
installation  the  erreiting  fore  ;.i  vill  bo  applied  to  the  aircraft  olucst  usotlf  ca 
those  applied  hr  nor:  -.1  wheel  trekas.  and  there  will  bo  a  trr  _sfcr  of  leading  trem 
the  cala  vhcals  to  the  nose-stc.’l.  Figure  8(h)  shares  an  ursagtent  of  hock  such 
that  the  arresting  force  la  called  high  np  ca  the  leg.  tkcrofcy  redvcLu  the  pitching 
ceoeut  on  tho  aircraft  hr  eoc>rrisorj  with  the  errata' . . :nt  of  Figaro  5(a). 

Ti.059  two  hook  errant  ents  e-w  aors  suitable  for  e>om tlca  with  wheel  ret  met  lea 
than  the  scO'.ps  cn  the  forward  siia  of  chcols.  1h sj  do.  har-Tcr,  icpcio  *  vslcht 
penalty  and  it  is  fer  serious  ccrsiJrratica  rhathor  cr  uot  to  Ir.Ta  a  very  grail  extra 
woic’it  penalty  ai:d  uxe  a  conventional  arresting  Vok  cn  t?:*  c^!orslde  of  the  rerr 
purt  of  th«  fusalF^o  -  noting  that  if  the  reterdattoa  is  cf  r.  u^Icst  ordar  tlil3  extra 
T/elekt  p*coalt7  cry  act.  in  fact,  bo  incurred. 

Vltb  tho  rook  arr  kv-- auta  described  the  Rirc~c.fi  weald  sr.'fer  no  dwtaae  •'Mtso- 
cvcr  during  ajrestiu?;  tut  with  tin  3co-po  rocs  d-xn^i  my  to  douo  to  tt  3  strut  units 
at  points  tfb're  tLj  »  Tenting  rirc  g-k'3  contact. 

5.9.3  Farrier  Nett 

It  Is  often  erge  A  ti.ut  ca  aircraft  nhosld  net  ho  r»alk!l  hj  having  to  carry 
ctro-t >n;:  fittic.,3  c:  lah.  In  ce-jr  irntpsexs,  will  cover  Xz  r~  1  in  the  eenrso  of  its 
lifotir  3.  fir  eh  the ■  j”  t  has  tkre/cro  huca  clven  to  catching  _•  siren  ft  net  pxoei'iid 
with  any  apjoi&l  fittings,  a vA  ws  Lrve  two  types  of  solution:  firxt  tl»*o  are  s.jfc 
arran-peasnts  into  vhich  the  sircr-.ft  v  o  end  13  cv,  ilcp'.i  -  tho  not  b;*io8  cwvled 
to  energy  absorbing  mit::;  cad  there  are  «<"hcr  •»»  whereby  «t  eivesttoanl  trr.atkii  wire 
in  used  with  v?.rlcrs  m$  fer  'J.rrzitez  tt  ep,  afts ?  tlj  me*  cv3al  h'.n  p-  ned  ovsr 
it,  co  !i  to  he  cc.  ;ht  by  t!.e  r.  ’e  tr.  remarriage  struts  -  Ito  ausb««fcftol  t  tally 
hsjng  cse  d  ti  device  for  trii  yrin^  tho  thro  :lr^  rrsch'eL.'a. 

(a)  Simple  net  terrier.  The  si  plest  f  irn  cf  net  Lced  is  rheaa  in  t  ier ~e  6  an ti 
appears  ss  a  wall  cr  Mgh  fence  serc^a  t’:e  nswy.  It  cc  *..u.e  at  a  pair  Of  e^ge- 
rc;.  ?s,  r  i  l.  _  r  )  ■;  ,.i  i'.’  tod  lv  *  ir  of  i  -it—  (c  .j  cs  c  e'.>  sidi  cf  tVe 

loamy)  bo  that  the  u’.d-relnt  l*  least  cIsmt  of  tt*  ciet.y  of  e.lrci^rt  -rith  thlch 
it  i3  te  tj  n.»d.  A  1-.  _r  lcugtb  lie.:  csj  tlri  arc  !  *1  *  t  :o  r.re  '  V3tber( 

neer  the  ce^ts,  erd  cc-.ttaus  r_e  r.  siagi®  rc.  ■>  to  tla  oeorry-c"  rhir*;  i.jntcr».  eotveea 
the  upper  nil  lcrsr  edgs-ropea  ecu  r:-ri3s»  of  rart'anls  * . '  ,-d  at  intervals  of  a  few 
feet,  tJ.3  verticals  I  .ins  f’ued  to  V  t  etr.i-i’oras.  ».io  -TJ  1  t i  V Ly  u'dn  of 

steel  or  flhro  rc;«.  or  rxyfc*  *  ecr’-fnaticn  of  the  t'  O.  s^i  v  ticola  tro  of 
fibra  (usually  nylon)  reps  cr  wahhing. 

Jn  operation,  tt3  sore  of  tLa  aircraft  patses  thrcu  ii  the  set,  botvec »  a  pair  of 
verticals,  brush  ins  c^o  s  id  j  If  n-  .-a  be.  fan  tr-  :  wh^ol  p  over  the  lc..  jr  cd.*;a- 

ropa,  and  the  canopy  uclcr  tho  ermr  edge -reps.  '".3  lerliey  e.'.-o"  of  tLi  rlc.g*  orargs 
tha  verticals,  aid  ca*ry  then  forTjd,  tho  upper  cipe-rj>3  M  .;  dragged  free  frc.i  its 
supporting  Lasts  (thro-sb  shear  pir-s).  Thcnc  vcr.  eale  '^tr  rcept^d  \,j  the  xinr»  deploy 
above  rod  Irlov  the  leaiir.g  edge  of  thi  wins,  acd  those  verticals  cot  cn>,  gad  trail 
loosely  ixlitr.d.  as  shorn  tn  rigure  7.  Prcn  this  figure  it  Is  el’ar  tbet  cost  of  tte 
retarding  force  is  applied  to  the  aircraft  thron-.h  the  pair  r<  v»rt*calo  closest  to 


M 


the  win*  tips.  Therwfaro.  alecs  the  retarding  fare*  Is  sail,  a  critical  backward 
bcrling  cc-.at  .toy  be  applied  to  the  win*  root*.  It  1*  to  be  acted  also  that  any 
p  ir  of  verticals  erst  t«  capable  of  tnmnlttlii  alone  the  fall  retarding  force. 

In  ca  effort  to  distribute  the  lcidln 3  accurst  all  the  verticals  racked  by  th# 
lending  edge,  tta  verticals  ccn  bJ  Increased  Is  length  away  fro*  the  centre,  but 
batter  distribution  of  lord  Is  then  only  achieved  if  the  aircraft  engages  the  Biddle 
of  tho  cat  -  a  cccditica  which  caruict  be  specified  in  practice. 

robbing  is  proh'biy  «rr.erio£  to  repo  for  tho  verticals,  eranrir*  area  rather  than 
lL-.n  loading  of  tbo  pnlrts  of  ugsr^ut.  Also,  extensible  cate  rial  cnch  as  nylon. 

Instead  uf  tstcsl.  aost  to  need  In  the  cocstractlon  ef  either  tie  verticals  or  tho 
edoa-repe,  or  bulb.  ThJ  reason  foe  this  will  be  explained  rors  folly  Later;  suffice 
fer  t'.n  present  to  ooy  tbrt  it  Is  crrsntlol-  e2p.rcic.ll7  00  fer  blc”»  etr:;lnj  speeds  - 
la  cot!:r  to  riuinloe  mica  lends  wltlch,  without  the  uoa  of  an  eitociiile  Material, 
could  produce  fallcre  lending  In  tfca  net. 

Jzr-7i lately  follcrlng  tho  ea-jafing  of  the  wings  with  tho  verticils  at  rpeed,  the 
it.  r  cc’’,'-rope  Is  polle-1  violently  deearards  end  tho  Icv^r  od;o- repa  mrranJs.  The 
cv.-ar  rc;e  i^puctir.:;  m  the  nid-ta>per  fusalsys  toy  t  ell  e.  nra  sees  local  dsrrge  • 
cr:  'icily  if  there  Is  a  fin.  The  lorer  edgo-ropa  cud  the  lerer  portion  of  the 

vrv.icals  '  y  foul  the  tr.in  rrf-jrcrrrirris  strata.  wheel  feirings,  flaps,  wurlals,  or 
n  ’  raluc  stores.  *1;3  f  .;r,tlcl  estcnslMo  nylca  is  rcro  easily  d  n  ;rd  -  rayfce  to 
tVi  of  failure  -  thru  the  steul,  so  that,  *hilrt  cc  plate  fallen  would  result 

fr.:  i  a  ssvarsd  edgs-reps,  it  is  net  so  Pith  a  revered  vertical.  Tec  this  reason  tho 
Vvrtr'cpLi  are  r.sJe  of  nylci  t  ad  the  edga-repo  of  steel.  Tbs  t**;.ig|cs  effect  of  a 
pld’a  rieel  rops  can  bo  rtl-ied  a  little  by  braiding  It  with,  cay,  Loup. 

r-s  a  net  cs  described  will  cstca  end  hold  aj  aircraft  vuilct  It  Is  brought  to 
r:  .t,  r~  i  the  aircraft  will  receive  soco  daaaee.  Tea  <1:  age  will  vat  meant  to  tr.Jor 
struct-  ral  £:-•  ~e  rrd  will  Uu  withert  to  personnel  on  Nr-.rJ,  L.t  tiers  will 

c- rt-iialy  bo  r  .wriod  cf  repairing  before  the  aircn*ft  la  serviceable  arris. 

<b)  C^-yound  net  birrier  (Fir.8).  Id  onlcr  to  acVevo  rare  rnlforr  lea  ling  of  the 
v!s  j  -  a.;  !  t'tla  2: ns  teas  cr  ntl&l  with  barriers  fer  aircraft  ciir'x.'j,  ^here  tho 
cbctt  00  available  arcccaltates  It  2  use  cf.MJi  rotcrJetioae  -  3  mltiple  or  cora- 
rc.  1  uot  l»£3  been  ur.*.d.  Rare  a  soy  -ate  rectangular  edge-repo  la  trid  fer  each 
vertical  -  except  »!-.arj  space  is  evoi  labia,  rhea  a  cecocd  cr  eves  a  third  vertical 
ecu  Vi  aJ3od,  provided  iV.t  thay  cro  separated  by  v  dlstsaee  greater  tb;a  tho  npf.n  of 
tf-.o  aircraft.  Tii  verticals  era  lccu  d  over  Its  ed^e-repa  c.-id,  ercapt  fex  baing 
ll'J  tly  Ioru'.$d  to  facilitate  rlpjln  are  free  to  sliJo  o ml  tbu  ta’e  ny  a  natural 
position.  Tuch  n  net  Is  ssspended  betxsea  nrte  as  before  and,  cn  ea  '*^?._iat  ty  ea 
aircroXt,  it  enfolds  tea  *.Irc:..ft,  ^3  Indicated  is  Wgure  3.  Strictly,  ibl*  Is  a  statically 
d  J  itersiv  te  sy.-'tcn,  ’cut  fr-.:*  the  point  of  vies  of  leading  ed^e  lcalirg  tbe  system  is 
Rarer! cr  to  that  of  the  sl  -nle  net.  As  a  rc-alt  of  this  hot  .-r  dls tribe*  lew  of  load 
the  mpaivta  verticals  ncsi  cot  t/s  so  ctrcag.  and  the  Intensity  of  local  dziiage  Is  not 
so  croat  cs  with  tho  simple  not. 

(c)  ILcriei  net  for  aircraft  nith  highly  rawpt  win^s  (Fig.tO).  A  fclebly  crept  wing 
aircraft  needs  r.ore  caraful  coosldrmtloa,  otbemise  there  In  d  jicsr  of  il-a  vertical 
elc-*.  ta  ell  ping  uff  tha  Iradir.c  adi,cs  and  tba  »ir craft  passing  thrc"T’.  t’-w  ret. 

F-i~2  tho  pier,  is  to  use  the  cirple  cat.  .he  *'vo  eijroent  vortlcsls,  b'.i  .  a  uich  the 
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aosa  of  tha  aircraft  passe*,  together  with  that  part  of  th*  upper  and  lower  adga-ropa 
Joining  these  two  nrtlcaU,  fores  a  noose  which  snares  the  aircraft.  The  peripheral 
length  of  this  noose  or  loep  should  not  tc  so  great  that  ths  aircraft  can  pans  through 
It.  Perhaps  the  oaly  clrcusrstancos  when  this  could  happen  wonld  he  with  n  snail  air¬ 
craft  ease  zing  a  net  which  Is  primarily  designed  for  a  each  larger  aircraft. 

(d)  Tail  fin  retardation.  Oa  at  least  two  occasions,  during  harrier  teats  In  the 
Itaited  Klrcdoa.  all  the  verticals  engaging  the  wing  leading  edges  were  broken.  Yha 
caln  wheels  then  rolled  over  the  lower  edge-rope,  and  the  upper  clge-rope  lrpaled 
itself  oa  the  leading  edge  of  the  tall  fin  end  successfully  ccsplcted  the  stopping 
of  ths  aircraft.  These  incidents  suggest  yet  mother  barrier  principle,  nasely  the 
use  of  a  simple  arresting  wire  suspended  between  Basts,  at  a  sufficient  height  off 
the  ground  that  the  aircraft  as  a  whole,  with  the  exception  of  tLo  fin,  will  pace 
beneath  it  -  provided,  of  coarse,  that  the  arresting  forces  r.re  within  the  strength 
of  the  fin  structure.  The  lisa  of  application  of  the  arresting  force  ie.  In  this 
position,  appreciably  above  the  aircraft  centre  of  gravity  and,  for  all  blit  very 
stall  rct&rdr.tlcr.s.  the  aom-t&oel  will  lilt  off  the  ground,  but  this  la  not  critical. 

(e)  Carrier  ersts  end  net  operation.  Tho  barrier  nets  described  require  support¬ 
ing  roots  at  either  side  of  tie  ranwsy  and  Beans  cast  bo  provided  for  raising  mil 

1c  arlng  tt.es.  It  is  desirable  for  tho  top  edge-ropo  to  bo  appro:  lately  parallel 
to  the  mnwry  end  thus,  cn  a  Mg  spaa,  considerable  tc:teicn  is  repaired  to  reduce 
sug  to  e  sc°.  11  erder.  Although  undesirable.  It  Is  ports lssiblo  to  ers  intermediate 
preps  of  a  frangible  csterial.  Preps  csda  of  Bakellte  or  cardboard  tubing  (3  or  4 
In.  disaster)  have  t;ca  cct-1  successfully  and  cirply  t.-cnV  up  lotto  several  pieces  if 
struck  et  speed  by  an  aircraft.  Unfortunately  such  props  do  not  fit  Into  a  systen 
where  lo.  oring  cf  the  r.  .sts  by  re-sote  control  la  used  -  tho  props  having  to  bo  set  up 
or  taken  fiwn  canrslly. 

uhllst  it  is  possible  for  an  aircraft  to  trxl  over  a  not  laid  oa  the  ground,  it  la 
not  a  practice  to  t3  condoned,  since  In  oacy  fcrc3  of  construction  tho  joint  between 
tho  edgs-rupa  and  the  verticals  trty  bs  dreaded  If  an  aircraft  rhcsl  rolls  over  It, 

Per  similar  reasons  a  net  -cust  not  be  left  laid  on  tho  ground  In  tho  touch-do  n  area. 
Those  conditions  srise  where.  because  of  space  limitations,  the  harrier  is  set  up 
near  tbe  end  of  a  runway  rood  not  clear  of  tho  end  in  the  ovor-run  txe\. 

A  net  usually  sustains  so-e  dirage  after  en  arrest  -  particularly  the  vertical 
robbers  -  end  therefore  It  should  bo  carefully  examined  end  repaired  »o  necessary 
before  being  used  again.  This  requirement  lUctatcs  that  a  spare  barrier  net  elall 
always  bo  available  for  erect loa. 

Since  the  terrier  net  is  oat  in  the  open  continuously,  the  nylon  elciiients  deteri¬ 
orate  o Italy  in  re£i«t  of  strength,  and  the  nylon  parts,  whether  U3cd  or  not,  should 
be  replaced  at  Intervals  of  six  ionth3.  This  deterioration  is  not  completely  under¬ 
stood  and  further  experience  night  indicate  cn  extern len  of  ths  six  on ths  period. 

• 

The  compound  net  has  been  wn"d  success  fully  with  a  single  co-axial  propeller  unit. 
Tha  verticals,  with  their  Individual  ed-e-roprs,  in  the  ».\y  of  the  propoller  discs, 
are  tors  dorm  and  Titillated  -  Enybe  wrapped  around  the  propeller  hubs  -  but  tha 
verticals  ca  either  aids  of  the  discs  ere  left  free  to  engage  tho  wing  leading  edge. 
The  single  net.  with  propollered  aircraft,  is  however  a  doubtful  arran-ewant,  and 
r ijba  oven  dangerous. 
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S.f.4  IMtrcarrugt  lUtvJbtiM  without  tfct  (fee  of  Fitting 

Vo  mam  tn  to  •  aoro  Mallei  dlscasaloa  of  schema  for  caking  i  conventional 
arresting  sire  easaso  the  too  cats  oieo  struts  without  resort  to  special  fittings  so 
the  aircraft.  'Otero  are  several  ways  of  giving  the  nocossary  lift  to  as  arresting 
wire  after  tho  aoao-whcal  has  passed  over  it. 

(a)  Aircraft  configuration  requirement* .  Before  seheoes  such  as  those  Just  SOS* 
tiered  ore  considered,  the  aircraft  configuration  should  be  examined.  No  part  of  tho 
aircraft  forward  of  the  rain  wheel  struts  (particularly  oloso  to  the  struts),  except 
ths  BS.se~-.heol,  should  extend  halos  n  horizontal  piano  which  Is  tangential  to  tho 
rain  wheels.  Any  aircraft  parts  that  do  extend  below  this  levtl  ray  interfere  with  a 
r laics  arresting  wire;  In  eons^nenee.  the  wire  will  not  reach  tho  strate,  but  will 
strike  the  wheal  and  be  rolled  £yra.  Further,  success  Is  core  likely  to  to  achieved 
if  tho  taderc  ’rrlz.ee  strut  Is  s  stcplu  vertical  vcr.bor.  An  aircraft  sith  a  fuse  lags 
keel  lice  whoso  cl  c:- renew  fires  tbs  ground  is  less  than  a 'rain  wheel  dlscetor  is  ss 
ex&rpla  of  ircorpxt.-blllty. 

The  Halted  States  F.F3  and  the  Canadian  CP- 103,  both  without  underwing  stores,  have 
a  good  configuration.  The  British  Rateor  Is  doflnltoly  not  r.nttablo  end  tho  Canberra 
aci  7enn  ore  dccbtfnl.  Tbs  addition  of  trrJorwlrc  stores  -  particularly  clcso  to  tho 
cnderc  *rrtii8  -  ray  i--\o  Vatehing*  lcposalble,  or  at  least,  wry  seriously  prejndieo 
the  etrzeo  of  croccos  -  tt-i  Y.ZZ  bolng  a  particular  cxaple  of  this  (soo  Figure  11). 

Even  with  a  satisfactory  confirnrctlca.  Vv.tchlnq*  srecoss  tiy  depend  uprui  how  tho 
arre^tlrc  wire  Is  no  teal  ly  lifted.  In  this  respect  there  are  two  general  prlnelples: 
or.o  io  where  tbs  wire  is  throes  or  f.Uckcl'  upwards,  and  lot  toll  (ur.lcr  crevity) 
before  It  osgngUB  the  strata.  To  a  oeoood  lo  r’^ra  tha  wiro  In  jacked  uprarda  and  is 
bald  in  the  up;jn:oot  fealties  a.,  til  it  enter*  tho  wheal  struts.  Thu  occenrl  r.ethod 
is  more  likely  to  be  scooess fal  tat  Involves  cruater  complication  of  ground  eauip-ent. 

A  few  of  tho  various  retheds  of  lifting  tho  arresting  wire  will  now  bo  described. 

(!>)  7?»  T.viw*  barrier .  Tno  fir  at  dovico  of  this  type  was  conceived  rxd  tested  by 
the  United  State*  rnvy  for  cjo  sheerd  aircraft  carriers  with  roie-vheolod  aircraft. 

Tho  d-rrlen  vas  uct  entirely  reliable  *bcn  cn  aircraft  encaged  It  in  free  flight  (l.o. 
net  rollicy  on  tho  dock)  raid  nan  replaced  by  s  net  type  of  barrier  or  Turricodw*. 

Her- ever,  t^e  Called  Staten  Air  Tores  adopted  the  rchcr-s  and  developed  It  farther 
and,  Judging  by  reports,  crcd  It  extensively  and  with  considerable  cuccena  (especially 
with  P.E-J  aircraft)  In  the  ~.o rein  Ssr.  Tha  functioning  of  this  device  io  shows  Is 
Fipcra  12.  As  actuator  otrap,  ca  lx  of  webbing.  I3  stretched  aero ns  the  runvey,  and 
supported  by  low  rtouchlcaa  ca  either  aide  of  the  runway,  tho  strap  being  abovs  the 
runway  level  ty  oa  ercont  approximately  equal  to  the  holght  of  tho  nose-wheel  strut. 
Attached  to  this  actuator  etrnp,  at  intervals  of  5  or  6  ft  across  the  runway,  art 
lifter  straps  of  si  alter  r-tcrlai.  These  lifter  straps  aro  about  twice  as  long  as  the 
helcht  of  tbs  cctv.tor  strap  above  the  ground,  and  the  lorer  end  is  fixed  to  tho 
grou-id  a  ltttlo  forward  of  tho  actmtor  strap,  the  attachment  being  designed  to  break 
out  at  a  required  lord.  Too  slack  la  the  lifter  stmt:-:  Is  forced  Into  a  loop  and 
divpcssd  as  rbe*a  in  Figure  12.  The  arresting  wire  poc3es  through  these  loops  end 
lays  on  the  graced.  The  loop  la  ths  lifter  strap  is  maintained  by  special  snap  fasteners 
or  by  stitch  lug  cf  a  specified  .strength.  Is  operation,  tho  no3e-*hcel  strut  engages 
ths  actuator  strap  and  carriers  It  forward.  The  top  ends  of  tho  lifter  straps  os 
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•lthor  side  of  the  nose-wheel,  and  especially  the  two  lnxedlately  adjacent  to  the 
aose-cheel.  are  inpulsively  carried  forward.  The  alack  in  the  lifter  strap  la  taken 
n p  and,  the  loop  la  it,  together  with  the  arresting  wire,  la  lifted  npw&rds  end  for¬ 
wards.  Ibe  alnck  hawing  been  taken  up,  the  loo?  stitching  co^cs  under  load  and  breaks, 
the  lifter  strap  beooalag  alack,  further  forward  coveuant  of  the  aircraft  takes  up 
this  new  slack  and.  In  doing  so,  ieparts  yet  another  vpvrard  impulse  to  the  arresting 
wire.  That  part  of  the  arresting  wire  between  the  loops  toilers  roughly  the  pattern 
set  by  the  short  length  actually  In  the  loop.  The  rain  undercarriage  struts  are  all 
the  rhile  overtaking  tho  rising  wire  end  encage  it.  Further  cotton  of  the  aircraft 
breaks  tho  ereusd  fixing  of  the  lifter  strop  aad  the  actuator  strap  la  torn  away  from 
Its  e.ttsck.._nta  to  the  stanchions  at  each  aide  of  the  runray.  It  is  usual  to  duplicate 
the  actuator  cad  lift  strap  systems,  so  that,  if  the  noac-v'ueel  runs  directly  into  a 
lifter  strep  (in  which  case  it  will  not  function  correctly),  then  tho  adjacent  lifter 
straps  of  the  second  system  will  function  as  pierced.  The  layout  of  the  actuator 
strsp  sad  lifter  strap  Bust,  tor  bc:t  results,  bo  notched  (usually  by  practical  tests) 
to  the  geccatry  of  the  aircraft.  Tbs  lifting  action  is  a  djnauio  ono  initiated  by  the 
engaging  spaed  of  the  aircraft  and  as  scch  there  in  s  ftinlsna  speed  below  which,  even 
with  tho  esret  favourable  configuration,  the  arresting  wl.ro  will  not  be  caught  by  the 
wheel  stmts.  Eolow  this  speed  the  arresting  wine  is  thro-ra  up  only  feebly  end  falls 
below  ehcil-top  level  Lofcro  ihe  wheel  reaches  it.  Iu  this  coco  the  wheels  will  roll 
over  th*  wire  ted  the  only  resj stance  offered  to  the  aircraft  will  be  that  required 
to  pall  away  the  lifter  ct-aps  fros  their  ground  fir  lues  and  the  actuator  strap  fro.* 
its  starciiica  etUctvesU.  If  the  speed  in  c&rglcal,  th:n  only  one  strut  ncy  fco 
cacpht.  with  ccnscquences  ca  previously  described.  A  given  lifter  system  ray  function 
with  care  then  ouo  typo  of  aircraft  if  they  are  sufficiently  dollar,  tut  it  ray  not 
be  the  bast  cyatca  for  cay  ono  of  th :  aircraft,  with  a  result  that  tho  mlnicrca  function¬ 
ing  speed  is  rat  a3  lew  an  desired. 

This  lengthy  description  outlines  only  briefly  tho  ecoknnlca  of  this  barrier  action 
end  the  detailed  eraninutlon  cf  htrh  speed  cine  cacers  records  is  tecocseaded  to  acquire 
a  better  saderstsuding.  The  system  is  not  a-.caable  to  Lctbeuatical  analysis.  Its 
dcvslopr.riA  is  essentially  a  practical  science. 

An  example  of  how  each  aircraft  nc.it  t3  studied  separately  is  tho  caso  of  the 
Critish  Kciter  aircraft  -  even  without  uedaruirj  itorcs.  This  aircraft  has  a  notse- 
vheel  dcor  which,  with  the  noso-whecl  don.  Iiaapa  dwa  vertically  a  little  distance 
aheed  of  the  cose  wheel,  end  which,  when  viewed  fros  ahead,  walks  cost  of  the  nose- 
6 heel  stint.  Renove  thin  noce-vhcel  doer  end  the  system  appears  to  work  well  at 
rp»ads  chore  35  knots.  Forever,  with  the  door  iu  its  non  al  position  it  (instead  of 
the  norerb-r-al  strut)  engages  the  actuator  strap  ar.4  the  lifting  action  is  initiated 
too  soon,  with  the  result  that  the  arresting  rope  has  fallen  dorm  to  too  low  s  levol 
by  the  tlr«  the  sain  wheel  struts  overtake  it.  nevertheless,  if  the  actuator  Is 
engaged  at  a  sufficiently  high  speed  the  rosc-sheel  door  will  la  carried  cnay  tnd  the 
actuator  strap  then  engages  the  nose-vheel  strut  and  the  lifting  action  is  completed 
effectively.  The  collapse  of  tho  cove-wheel  door  varies  both  with  the  speed  of 
eugi'gsuxst  aad  with  the  distance  of  the  point  of  Inpact  below  the  door  hinge-line. 

This  harrier  is  an  efficient  and  effective  one  within  its  limitations  and  it  is 
Inportmt  to  recognise  and  establish  these  liclte,  otherwise  an  operator  (end  pilot) 
coy  bo  gives  a  false  sense  of  security  and  the  system  will  fall  into  disrepute. 
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There  are  a  mnber  of  variations  of  design  of  the  lifter  strap,  the  variations 
bslng  used  In  on  endeavour  to  obtain  better  lifting  action  at  low  speeds,  to  sake  then 
treble  with  core  than  one  type  of  aircraft;  and  to  simplify  construction,  asscnbly 
and  replacement  efter  use. 

(e)  British  airfield  barrier  l!k.t.  The  troubles  described  with  the  Hunter  nose* 
wheel  door  led  to  a  doslga  vkoae  object  res,  as  before,  to  lift  an  arresting  wire  Into 
the  i".th  of  tho  rain  wheal  struts  after  the  r.cso-wheel  parsed  over  It.  Tha  barrier  In 
illustrated  In  action  by  Figure  IS.  It  consists  of  n  top  span  of  steel  ropy,  supported 
by  rusts  at  e?.cfi  side  of  tho  runway  so  that  it  Is  well  clear  of  ths  top  of  tha  fuselage. 
C  ipsnisd,  at  5  or  8  ft  intervals,  frej  tho  top  span  are  e  series  of  vertical  wires 
teiv.In  ill'.ig  in  a  loop  at  ground  level  through  which  the  crrestlng  wire  prases.  Hi 
or -oration.  the  ncso  of  the  aircraft  posse*  fcatroen  a  pair  of  verticals,  brushing  one 
aai'c  if  It  is  too  clcso.  Mid  tha  lecdirg  edge  of  the  vlrgs  (first  at  tho  win*?  roots) 
the  verticals.  This  iapact  icpalsively  dm-s  tha  upr^r  end  downwards  nad 
lever  end  (together  with  tho  err v; ting  rlro)  upwards  (Pig.  14).  Thin  lifting  cetion 
on  the  arresting  rviro  propagates  fivay  on  either  sido,  er.pooiftlly  so  with  sons  Initial 
teruica  In  tha  '-Ire,  co  that  it  is  raised  above  wheel  level  in  tho  trick  of  the  naln 
wheels. 

Frrthor  ration  of  tho  aircraft  tears  the  tep  span  fron  breaking  links  at  ths  rust 
hccd-v.  eul  the  ten  span  nud  verticals  tv;. 11  loorely  bebiut!  end  over  tha  aircraft. 

The  eras  of  the  probler:  was  to  c-t  the  arresting  wire  lifted  to  a  sufficient  height 
In  a.  e efficiently  short  apace  of  tire.  Vo  ensure  thl3  sevoval  features  aust  bo 
aaki-ved:  there  avst  be  no  aleck  whatsoever  in  the  verticals,  cud  to  rchieve  thin  they 
ere  la.ltvi  dually  rdjeoted  In  length  so  that  the  lover  loop,  carryiiuj  tho  erreatins  wire. 
Is  jut  clear  of  the  eronrd,  otherwise  valuable  tica  is  lout  In  taking  up  tho  alack 
bs-cra  lilting  act  lea  in  irp*.ited.  The  arresting  wire  should  be  is  light  an  possible 
s  la  initially  iu:  I;r  tension.  The  top  wire  chould  be  an  heavy  tvi  pc-elbJe,  lu  order 
La  riairt  foT/raard  yielding  fad  so  enhruse  tho  upward  lift  at  the  lover  end;  end  the 
ver.icrla  should  be  mode  of  steol  rore  red  not  fibre. 

C_.'3cr  fiil  trials  have  teen  role  at  speeds  between  14  sad  97  knots.-* 

.Is  a  recult  of  trials,  this  fc.  rrler  has  besn  adopted  for  limited  service  no,  but 
ct  t*  j  tlr.a  of  writing  no  reports  of  its  being  called  into  action  are  available.  The 
cf  the  harrier  is  con-aidcred  to  La  ea  t’tioeire.ble  feature  but,  bslng  of  all- 
stcol  -.ii  e-rope  construction,  it  wi ths* ends  deterioration  much  better  thro  uyloa 
syut:  a». 

CO  Pressure -operated  jacks  for  lifting  an  arrester  vire  (Fig.  15).  '?ith  tho  object 
of  keeping  the  above-eround  ecjulpncnt  ts  staple  t3  passible,  Lite  follo.iug  scheae  has 
boon  ike  subject  of  trials:  a  simple  arresting  i/lre  is  laid  oa  the  ground  and  directly 
beneath  it,  at  4  ur  5  ft  intervals,  are  £an  or  jack  units,  the  pistons  of  which  bear 
on  t'.e  underside  of  the  arresting  wire  rad  ere  also  attached  to  it.  Tho  Jack3  can  be 
encrgis.d  by  cither  cartridges  or  cc rpressed  air,  so  that  at  a  given  signal  they  are 
all  fired  simultaneously  end  the  rope,  with  the  pistons  attached  to  it,  is  flung  into 
the  air  and  will  engage  the  undercarriage  struts  provided  that  the  aircraft  configura¬ 
tion  is  suitable  sr,d  provided  that  tha  firing  sicnal  is  timed  correctly.  The  firing 
sigvul  can  be  initiated  ia  several  ways;  for  eranple,  by  the  uo.ee  passing  over  a  weight- 
sensitive  p.'d  set  in  the  graved,  or  the  coso  strut  engaging  a  wire  stretched  across 
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it3  path.  Tbs  short  period  of  tine  during  which  the  arresting  wire  Is  lifted  Is 
constant  (dopuJing  only  on  the  &va  characteristics).  Zf.  as  is  required,  the  wire 
has  to  crrivo  at  the  required  hcic'.t  slr.altrueouuly  with  the  arrival  at  the  wire 
of  the  sain  vkeol  struts,  for  ell  risible  speeds  of  tho  aircraft,  then  a  ties  factor 
(depending  upra  aircraft  speed)  tnsfc  bs  fed  Into  the  firing  circuit  between  the  air¬ 
craft  triEcerinj  the  circuit  end  tbs  guns  firing.  Thus  a  special  t,ct. curing  and 
ccrputlng  device  Is  necessary.  Sl'Ilst  surh  a  device  Is  considered  to  ba  possible, 
the  eoKplicr.tioss  Involved  do  not  seen  Justifiable  in  view  of  the  alternative  schemes. 

It  la  bolicved  that  such  scher.es  have  not  progressed  beyond  an  experimental  ctago. 

(e)  Aircraft -ope  rcted  ja.ks  for  lifting  an  arresting  vire  (Fig.  16),  Anothor  r  choice 
with  very  p  it  pie  abov e-cronrd  &VTx_c;;c..ant3  involves  Jacking  struts  set  in  t.Lo  ground 
ir:.:ili«tely  taioa  ta  arresting  r  Ire  which  is  laid  on  tho  Ground.  The  Jacks  ray  be 
set  vertically  or  Inclined  t  o  as  to  path  the  wins  upv.ards  and  forwards,  An  actuator 
strap  is  stretched  across  the  r~H>  of  the  nor,o-wheel  unit  and  lifter  straws.  at  regular 
intervals,  connect  the  actuator  sirr?  to  the  lover  cad  of  tho  Jsekir.n  struts.  Thus, 
rhea  tha  nose-wheel  unit  carries  forward  tbs  actuator  strap,  tho  Jacking  struts  mice 
the  arresting  wire  iuto  Lis  p.  th  cf  the  r  .in  col  struts.  The  struts  are  stepped  at 
tho  top  of  thoir  travel  by  clcj  traits  red  tha  lifter  red  actuator  straps  br>'Jt  loose, 
le.xvl ns  tha  arrtstlrg  wire  supported  on  the  now  stationary  struts. 

Tliis  rchc.-3  appears  uost  alterative.  It  will  obviously  work  at  low  t.pecd3  end  the 
upper  speed  limit  scat  necessarily  depend  v,.ia  detail  daslpi,  Issrtir.  loading  cad 
inpact  pu*no;:’nn  fceiu  j  net  ii  pcrtc^t  fcctora.  To’illus*trr,to  the  dynamic  nature  of 
the  pro’olt  a,  assune  an  aircraft  ritfi  r %  ft  diameter  r,;ln  wheels  and  a  wheel  base  of 
17  ft  Ciicoginj  the  barrier  at  1CP  knots.  She  jack  struts  rcit  bo  raised  in  less  Hum 
0.1  3oc.  If  the  ctrct  Is  accelerated  uniformly  over  the  flri-t  half  of  its  rtroho,  end 
rnifornly  retarded  over  t-'o  secori  half,  then  it  will  achieve  a  t  :xi  .:m  velocity  of 
50  ft/eec  undor  ra  eeceleratinn  of  S  ?g.  As  a  result  of  giving  the  cues  ting  wire  an 
iipnlsiva  upward  irxrer.ent  at  a  nuaVr  of  sepvrrto  points  along  its  icnpth,  tl- e  wire 
b9twcoo  theca  points  will  to  set  vibrating  in  a  vertical  plcno.  Tue  c  yJitrda  of  this 
vibration  13  difficult  to  predict  fc  t  runt  r.ecv-aurily  ir.fluinao  the  height  of  Jack  .strut 
required.  Practical  tests  am  tt  -a  a  eosential  port  in  the  process  of  4o3ig*. 

(f)  Aircraft-operated  levers  fer  lifting  an  arresting  vice  (Fig.  17).  Both  of  the 
last  two  sch-r.co  described  require  pockets  to  be  formed  in  tho  rouusy  to  eccc.r  »:ddte 
tho  gen  or  jrch  strut  u.  its.  t.’ith  tha  object  of  avoiding  sa-.h  pockets,  which  nay 
have  a  depth  et  leust  equal  to  the  c'faceter  of  the  rain  wheels,  several  proposals  have 
been  rode  which  right  evil  ba  dc'  jribed  S3  *le"cr*  scheccs.  Here,  a  series  of  arms 

or  levers  cf  a  length  at  leant  eqnrl  to  tuo  disaster  of  the  cain  rbcsl3  m  laid  on 
the  runway  (or  in  shallow  rccesccc)  in  a  fore-mid— ift  direction.  Tho  forrrrd  end  of 
each  aru  turns  cn  a  pivot  fixed  to  the  grou-td  and  the  alter  end  of  the  am  supports 
the  arresting  sire  in  a  crutch  or  clip  arrangement.  As  before,  an  actuator  and  • 
liiter  stieps  are  n»cd,  the  lower  cad  of  the  lifter  strap  being  attached  to  the  now; 
in  operation  thia  Cannes  the  lira  ta  swing  op  Ja  a  vertical  fore-and-aft  plane.  There 
are  several  variations  of  this  scT-nrs;  the  wire  t-ey  free  itself  frera  the  arm  on  ea 
upward  path  or  it  nay  be  retained  ta  the  axes,  the  arcs  being  checked  in  a  near 
vertical  position  and  the  wire  warn  frc;a  tho  arras  by  the  nain  wheel  struts. 

( e )  Pressurized!  hose  arresting  pertdant.  Another  schene  -  as  yet  untried  -  is  to 
replace  the  ateel  rope  arresting  wire  by  a  rubber-lined  fabric  tube,  located  and 
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trapped  ia  a  narrow  groove  forced  la  and  across  the  runway,  the  hose  being  laflated 
with  air.  Actuator  and  lifter  straps  would  again  bo  used,  the  lifter  strap  pansing 
under  the  trapped  hese  and  fixed  to  the  ground  aft  of  the  h03e.  Xa  cc-rratlon  the 
lifter  atreps,  under  tension  by  virtue  of  aircraft  engagement,  would  Jerk  the  hose 
ov.t  of  the  greovo  uud  with  its  cuton&tle  reaucptlcn  of  a  circular  cross-section  there 
could  be  a  release  of  strain  energy  of  the  air  within,  which  will  Tacnee*  the  hose 
upwards,  leaving  it  to  engage  with  the  sain  undercarriage  strata. 

5.2.5  Operation  of  Barrier  t'cate 

Operationally  it  is  cost  desirable  that  tbs  raising  and  lowering  ef  harrier  oasts 
ray  be  controlled  remotely  by  personnel  in  the  airfield  control  tover.  The  rare 
enthusiastic  advocates  oven  suggest  that  the  meats  should  be  ce.ir.ble  of  operation  hy 
a  pilot,  P3  end  when  he  requires  the  barrier.  Both  schemes  ere  possible,  but  the 
pilot-operated  one  ia  llhely  to  be  co; plox. 

Banicrs.  if  ia  the  *upf  position  while  aircraft  era  taking  off,  5r*-sent  n  hazard, 
p..rlicularly  with  tho  lii^h  harrier  nets.  If  a  pilot  abandons  c  tuhe-off.  it  should  be 
possible  to  raif=e  tho  birricr  within  a  feu  seconds.  The  design  of  tL«  easts,  their 
operating  cechrnica,  nad  the  Aircraft,  catching  system  should  to  such  thtt,  in  raving 
into  t'ao  ‘up*  poult  ion,  the  catcher  systea  assumes  its  correct  configcr.ticn  without 
the  necessity  for  clcuo  Iscpection  uul  arranging  p-.rta  of  it  r.nnunlly.  Tho  raising 
rad  lci.orir.g  should  fco  possible  order  all  pouaible  weather  on*.  Those  various 

dculta  details  are  all  leper*. out  ard  call  for  careful  coasisbratioo. 

If,  however,  n  si  pis  arresting  vira  is  used  in  conjunction  with  aircraft  fitted 
with  conventional  nrrc3tic;  hoo!:*i,  then  all  the  foregoing  deals*  prohlajrs  disappear 
e  wl  the  sc  /ere  requires  snt  that  tha  cvcr-ntn  devico  is  to  bo  under  tba  ooutrol  of  the 
pilot  la  satisfied  in  that  the  pilot  simply  lowers  his  book. 

Tills  completes  the  cctliee  of  catching  devices.  It  is  believed  that  a  nrrber  of 
iizcpla  ia  v triors  cciu'tric3  are  working  on  the  problem,  tut  the  neater  is  only 
relatively  a. all  cud  th.j  mount  of  inform  tion  published  ia  only  erterse  it  c^r  he 
tint  coat  of  tha  people  are  corking  cn  similar  lines  -  nay  fca  sdtaeoaw  Irs  deviced, 
or  rtlcht  rcun  do  so,  a  scheme  with  fewer  limitations  end  of  wider  application  than 
fchoua  that  have  been  described. 

S.3  £i'irz y  Absorbers 
5.  .1.1  General 

For  a  ct.ylato  over-run  installation,  any  of  the  catching  system  db&crib&l  rsust  be 
couplod  to  rn  energy  absorber.  Each  end  of  a  net  or  arresting  wire  emu  bs  connected 
to  separate  absorber  units,  ueunliy  located  one  on  each  side  of  she  rarity,  each  designed 
to  absorb  approximately  half  the  energy  of  the  aircraft.  Alternatively,  the  two  separate 
cuds  can  be  brought  to  a  single  absorber  unit.  There  are  a  h  entases  cm  disadvantages 
with  both  layouts. 

In  r*sny  respects  the  absorber  problem  is  simpler  than  the  catching  rmoblen;  for 
example,  it  is  independent  of  the  configuration  of  the  aircraft. 
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Kany.  but  not  all.  of  the  energy  absorbers  to  be  described  are  Machines  where  good 
serviceability  is  b-'st  ensured  by  regular  use.  It  is  hoped  by  all  concerned  that 
these  energy  absorbers  will  not  be  la  regular  use.  but  when  the  need  for  then  doe* 
arise  they  should  fcnstlon  correctly.  This  particular  requi recent  Merits  aost  careful 
coaslderatloa.  especially  for  airfields  located  in  regions  where  extra*  weather 
conditions  nay  prevail. 

There  are  a  neebor  of  types  of  ttnit  that  have  been  cade  and  used,  and  thers  art 
variations  of  these.  es  well  as  proposals  that  are  yet  untried.  Brief  descriptions 
will  be  given  of  six  devices,  to  indicate  broad  principles,  bat  it  la  to  be  emphasised 
that  design  detail  plrys  an  important  role  in  all  cases. 

5.3.J  Hydraulic  Ran  end  Cylinder  Energy  Absorber  (Pig.  16) 

This  unit  is  described  first  because  aost  experience,  derived  from  its  use  on  naval 
aircraft  curriers,  is  available  with  it. 

A  pair  of  wire  ropes  Is  reevc-d  about  tvo  sets  of  pulley  blochs  which  are  separated 
by  a  rcia  snd  cylinder  unit.  Can  end  of  each  rope  Is  anchored  and  the  other  ends  ere 
connected  to  each  erd  of  the  arresting  wire  or  barrier  not.  Ai  the  aircraft  carries 
itj  catching  device  ferrard,  rops  is  drawn  froa  the  Jisger  unit  aud  equal  amounts  ere 
paid  out  to  each  slue  of  the  r.’rcruft.  This  dresing-off  of  rope  drives  the  ran  into 
the  cyliuder  and  evp-l-a  hydrr.rlic  fluid  into  na  fir- loaded  eccuwlctor  via  a  non¬ 
return  vr.lvc  and  a  pressure  cuier&tlng  orifice.  Vj  watering  this  criflco  area 
cccorJius  to  the  crc-ra-head  reverent,  suitable  hydraulic  resistance  is  generated, 
rhlch  in  cossanicated  to  the  rc;o  (ths  main  reeve)  tnd  thence  to  the  aircraft. 

For  airfield  wort  tvo  separate  jiggers  could  he  used  -  cne  on  each  side  of  ths 
runway.  Reeving  rr.ticj  of  up  to  2-/1  can  ho  ured  and  core  than  a  single  unit,  or  n 
single  pair  of  units,  r^y  bo  used,  If  necessary.  to  break  doun  the  gear  into  6 sailer 
components. 


To  r-3-ret  the  nult3  the  non-return  valve  Is  by-p-.sred  h7  the  hydraulic  fluid  In  the 
ccorjulntor,  under  tie  influence  of  the  air  pressure  above  it. 

The  esar  can  bo  mod  repanhod ly  in  rapid  succeerlon  without  developing  an  exces¬ 
sive  temperature  rise. 

5.3.3  Drag  Chains 

These  ha vo  been  ir-ad  with  considerable  success.  They  are  rl  pie,  reliable,  and 
need  negligible  maintenance  (if  srj).  The  chief  disadvantage  is  their  weight  -  the 
total  being  so-, a  tro  cr  three  times  the  waight  of  aircraft  to  he  stopped.  Thus,  after 
en  aircraft  bo3  been  stopped,  heavy  tewing  equipment  is  required  to  get  the  chains 
hick  into  place. 

Figure  20  shov>s  the  more  usual  urongeaent  of  the  chain;  a  length  Is  connected  to 
each  end  of  arresting  wire  or  net  end  then  laid  in  a  straight  line  down  each  side  of 
the  ironway  on  the  forward  side  of  the  wire. 


Xa  cperatlca  the  aircraft,  via  the  *catehsw*,  drags  each  link  lato  aotloa  la  npU 
succession,  the  chain  thus  streaming  along  the  ground  in  the  waka  of  the  aircraft. 

The  aosentua  of  the  aircraft  is  transferred  to  the  chain  and  the  klaetie  energy 
acquired  hy  the  chain  is  dissipated  aa  heat  through  friction  between  the  chain  and 
the  ground. 

The  presrnoe  of  the  chain  on  the  runway  In  eadesirable  and  precludes  the  me  of 
runway  lighting  in  any  area  over  which  the  chains  aay  sweep. 

Figure  21  shews  an  arrangement  of  chains  tfcst  does  not  sweep  on  to  the  over-run 
area  but  it  decs  require  a  pair  of  deck  edge  sheaves  and  long  lengths  of  eteel  rope. 

Also,  with  this  armagexant,  re-sotting  of  the  chains  will  be  socevhat  stapler. 

Tho  porforcrjice  of  a  drag  chain  rystea  la  difficult  to  calculate,  since  it  Involves 
the  solution  of  a  coupler  second-order  differential  equation.  However,  Eullea*.  with 
tha  use  of  eo:.a  simplifying  nsssr-'.-tioss,  baa  produced  coao  useful  psvformnca  curves 
uhleh  experience  has  shown  to  be  rersoaably  reliable.  Recently  KoLeicch*  bes  also 

produced  sor.a  performance  curves. 

Pith  chain  of  rnifora  line  density,  the  variation  of  retardation  with  nm-ont  shows 
a  rrpid  rics  to  a  punk  vale  a.  after  watch  tha  retardation  'falls  away  progressively, 
thua  giving  only  ablest  rctnrdaticn  efficiencies.  This  efficiency  eta  be  taproved  by 
incroceing  tho  line  density  of  the  chain  progreasively  towards  the  tails  of  tha  chains, 
cither  by  ch'inging  to  heavier  chain  or  by  us  lug  extra  lengths  of  chain  in  parallel. 

In  considering  aircraft  of  abort  25.000  lb  st  &pesdi  of  100  knots,  chain  with  a 
lino  density  of  tha  ordor  of  103  Ib/ffc  is  required.  Tho  strength  of  such  chain  is 
pore  than  adequate,  its  line  density  sad  flexibility  being  tho  properties  used.  Slues 
chain  of  the  order  required  is  expuasive.  a  satisfactory  substitute  ecu  ba  used  in  the 
feta  of  suitably  shewed  cavt  iron  fclcc!:s  threaded  on  a  steel  wire  reps.  Those  blocks 
cut  slat  of  short  hexagonal  prl&rv  eith  a  hole  dc-.a  the  axis,  the  blocks  being  separated 
by  spherical  cr,3t  i.en  beads,  aa  c’-cwa  in  FIcure  22.  This  chain,  when  coda  up  in 
lengths  of  about  20  ft  with  utscd-nr-l  rope  sockets  at  each  end,  .can  be  conpled  together 
in  series  or  In  parallel  as  required. 

5. 3. 4  R'jpe  Drur.s  with  Friction  Broke *  (Fig.  13) 

In  this  schcaa  a  length  of  steel  rope  is  led  off  from  each  end  of  the  *0011*01*  and 
Is  ttcivjJ  on  a  drum  or'  reel  counted  on  a  shaft  in  bearings,  end  the  unit  is  firstly 
fixed  to  the  ground,  with  one  dm”,  on  each  side  of  the  runway. 

In  operation  the  aircraft  draws  reps  off  the  drrzz  and  resistance  is  developed  by 
spans  of  a  friction  brake.  Tho  unique  feature  here  is  the  exceptionally  high  rats  of 
dissipation  of  enertgr.  The  design  of  such  a  brais  should  follow  fcodern  aircraft  oultl- 
disc  whaol  brake  practice,  i.e.  a  large  friction  area  operating  at  a  lor  intensity  of 
leading.  If  this  feature  i3  ignored,  extremely  high  surface  te-aperatnres,  admittedly 
0/  only  brief  duration,  will  occur,  with  a  risk  of  failure.  Tho  temperature  falls 
away  very  rapidly  below  the  rubbing  surface  and  cracking  and  warping,  leading  to 
erratic  operation,  day  result.  The  discs  Bust  therefore  be  made  thin. 

The  inertia  of  the  drums  and  all  the  soring  parts  attached  to  thea,  such  as  the 
rope  cud  brr.kn  dlrcs,  should  be  a3  light  a s  possible.  in  order  to  nlnlnlse  snatch 
loads  whoa  the  drums  are  ecceleraterl  violently  into  eotion  on  engagement  by  the  aircraft. 
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To  achieve  nlnlwu*  lnei-tla  it  la  usual  to  coll  tbe  rope  on  tbe  drua  la  nor#  than  on# 
layer  -  three  layers  have  been  used.  la  such  a  case  the  rope  aust  be  laid  ap  aost 
carefully  -  the  coila  tight  end  packed  close  together.  If  this  feature  la  not 
observed  there  la  a  risk,  when  drawing  off  the  top  layer,  that  the  rope  my  be  pulled 
down  and  Jam  in  between  tvo  coils  Immediately  below  it.  with  a  risk  of  derate  to  the 


To  nlnluise  the  Initial  snatch  leads,  the  brake  lending  should  be  rpplied  progressively, 
the  full  pressure  being  developed  by  the  tlae  that  the  drua  has  reached  caxloua  speed. 

The  brakes  rvy  be  leaded  pneumatically  by  bleeding  air  froa  a  bottle;  through  a 
suitable  restriction  -  the  bleeding  being  Initialed  by  the  Initial  rotation  of  the 
diva.  Or  loading  cay  be  dose  hydraulically  using,  sey,  a  pusp  driven  by  the  rotation 
of  the  drua. 

A  brake  rnlt  of  this  tyre  cannot  be  used  repeatedly  without  extracting  n  substantial 
proportion  of  the  Lest  between  ci:h  operation,  usd  this  will  take  aa  appreciable  tlae. 

Because  of  the  difficult  friction  brahe  problca.  it  has  haea  proposed  that  the  rtri’n 
should  ta  loaded  Ly  a  hydraulic  gear  ptr.p.  To  r  eal  typical  arresting  re  qtii  repots, 
such  a  prop  -wold  have  to  h^ve  a  pc-'d;  absorption  rote  of  tba  order  of  4.0C0  b.  p.  end 
would  scarcely  fit  into  a  reasonable  design. 

5.3.5  Friction  Rail  Scheaw  (Fig. 24) 

This  rehc-:3  rcatly  avoids  tho  drua  Inertia  ard  the  rotary  brake  heat  problcn  of  tbe 
previous  schsne. 

Instead  of  coiling  the  rcyj  oj  a  drm.  It  in  laid  cut  In  u  straight  line  end  to  the 
t»tl  ends  Is  attach'd  a  email  tox-liks  uilt  In  c'llmh  are  Mounted  friction  pr.d n  rhlch 
con  he  loadei  with  pressure.  la  orerrtlcj,  thin  friction  fcc.:  is  dnrged  nlcns  n 
flc*  -«sd  rail  or  over  &  tong  steel  strip,  tin  frtctJen  pa^3  being  cleaved  to  a  flange 
or  strip  undor  pressure.  *ihu  frictional  res  is  trace  davolopcd  is  th*n  trutunitUd  to 
tho  aircraft  by  the  rope. 

In  this  arrangement  a  triuii  higher  intensity  of  leading  of  tho  friction  pads  (and 
thes  a  scalier  area)  is  permissible  thou  with  tho  fjulti-disu  rotary  brake.  V117  High 
rail-surface  tcEvemtures  of  eoceatrsry  duration  will  bn  de/clcped.  especially  with 
the  friction  box  travelling  at  Esxli  r  ape~d.  Tho  heat  thes  deposited  oa  the  surface 
of  tho  rail  or  atrip  Is  quickly  absorbed  by  the  b-ilk  of  the  rekal  la  the  rail  or  strip, 
with  only  a  nominal  rise  iu  c retail  teptrstur*.  This,  If  neccsaaiy,  the  gear  could 
he  operated  several  tires  in  rapid  succession. 

Such  A  brake  rail  has  a  arch  higher  beat  capacity  than  the  rulti-dl.se  broke  and  a 
much  larger  exposed  area  froa  which  Heat  can  bo  dissipated  by  radiation. 

5.3.6  IMram  Nylon  m 

A  rope  m->.de  of  uadruwn  nylon  fibre  tas  tho  property  of  extending  scene  25C&  to  200% 
vhou  loaded  to  failure  (Pi*. 25).  A  large  proportion  of  the  extension  is  plastic  end, 
after  a  relatively  w«ll  extension,  the  load  cp  to  failure  rises  only  slowly.  In  leading 
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a  repo  to  failure.  cosrar  la  absorbed  as  beat  by  the  nylon  at  a  rata  of  at  least 
35, 0C0  ft  lb  per  ib  of  rope.  If  tbo  rope  Is  unloaded  before  failure  la  reached,  there 
la  an  elastic  recovery  of  only  2,000  ft  lb  per  lb  of  raps. 

Thus  if  teo  ropes  of  snlteble  length  cud  weight  are  attached,  one  end  to  eaob  end 
of  the  ‘catcher'  o^d  the  other  ends  to  ground  anchorages,  wo  tar#  a  wary  staple 
arresting  device.  Ecrever.  as  the  aircraft  cocoa  Eouantarily  to  rest  at  the  most 
forward  point  of  its  run.  the  eU-.tic  energy  stored  in  the  tv~e  rill  be  returned  to 
tho  aircraft,  thrs  roll  lag  it  b-ckwardm. 

This  recoil  energy  can  bo  reduced  to  as  acceptable  mi alnse  by  replacing  the  pair 
of  henvy  ro^as  hy  a  ;  \lr  of  grooms  of  stallcr  repos,  each  groi'p  being  rade  up  of  a 
mraher  of  rc-rcj  of  differing  lengths  is  parallel.  Cns  end  of  each  group  Is  ruchorcd 
to  a  ccLi.ca  ground  firlcg,  and  the  other  ccds  are  attached  at  Intervals  along  a  steel 
‘carrier*  rope.  Ooa  end  of  the  carrier  is  attached  to  the  Vatchat*  oletout  nad  the 
ether  end  to  tho  l~3t  groap  of  aedrarn  nylon  (?lg. 23). 

The  ‘carrier'  repo  is  soatch-d  forward  cn  engagement  by  the  aircraft  tr.d  resistance 
is  offered  as  the  first  group  of  nylca  repea  is  stretched.  The  rcy-23  within  this  rope 
era  of  differ#  at  leugths  c:  1  t’^  re  fore  hreck  cncocsaivcly  aJ  vat  clsultnoeomly. 

During  this  ruriol  of  successive  breaking  tha  e.  tenaioa  ©f  tto  tq.'ZJ  la  each  that  the 
‘carrier*  rope  r.o'u  starts  to  caet  r~sistsc«  Troa  tho  ei  cord  grorp  of  reran  cad,  e.s 
the  load  bulld  j  up  Iron  this  group.  In.  ling  by  the  first  rrcup  is  recored  cs.  its  repea 
fail.  Thun.  an  the  Aircraft  c--.es  to  reat.  tho  alnatio  caer.^y  available  in  tho  loaded 
but  as  yet  uohrobea  rof.r.3  is  only  frail  ac.J  tho  ciriralt  will  roll  backyards,  if  at  all, 
very  gently.  Flcare  27  in  a  dictTrn  of  na  radren  nylcn  pact.  In  practice  tho  nylon 
rcyea  rad  carrier  rcre  nra  rac-cd  in  a  canvas  case  in  i-hiah  suitable  porltcts  are  forced, 
scEwhat  eftor  tho  f»  ;i  ic.3  la  shich  the  shroud  lines  of  a  parec'.nte  are  paoliod.  The 
srrat-ccEer.t  is  c'ually  referred  to  cs  ra  V  -ru  nylon  aaenry-aLuorfcer  peck.  By  eni table 
crra:-ger:nl  of  tfca  .tctih.  aud  of  the  rep--",  within  the  croopa.  ths  rrttem  of  resis¬ 
tance  can  bo  varied  as  c*  aired. 


Tho  performance  of  the  pacts  is  consistent,  especially  ao  if  the  rooea  are  dcap. 
Unfortunately,  reliability  deteriorates  If  tho  tetr?  ratura  of  the  ropas  falls  below 
frecalrg  point  »:  d  the  rcpac  fall  before  SCfyi  drtt^irsg  in  OOr^ltteJ. 

The  cbtrote  of  rigid  inertia  parts  protests  the  develop  •« -.t  cf  High  sup tch  loads  on 
first  eng  •*.  C  ‘  ■  d*.  .  a  -.-a  of  the  1 1  .  ,/lca  roae  uchcae. 

The  rope  cr^tr.  choct  23  sMllirr*  a  raxed  r-1  the  cost  of  enkin?  i.p  nd  packaging  la 
afyiut  tha  srra  cvjunt.  Tars  ricl;s  to  top  a  20.C33  lb  aircraft  at  ICO  knots  would 
contain  about  403  lb  of  «xp*  And  «o«ld  cost  £1.300. 


5.3.7  The  "ater  S Queerer  Energy  Absorber 

Thi3  Is  a  novel,  sirplo  erd  effective  gear  vhich  has  fccvn  desfrned  and  developed  by 
All  Anerican  Kngineeviug  Cc-r-aay,  "ilninctcn.  Dele-rare.  U  S. A. 

Frca  ouch  end  of  the  ‘catcher*  a  long  atoel  rope  pastas  into  a  leng  straight  tube 
through  n  plain  long  close -fitting  gland,  and  the  free  end  of  the  rope  carries  a  simple 
piston.  The  tube,  which  is  fillod  with  water,  h?s  «  dienoter  at  the  rope  entry  end 
which  provides  a  running  clearance  to  tho  pictos.  whilst  the  here  of  the  tube  at  the 
other  and  is  appreciably  greater  than  the  diameter  of  the  piston.  Tha  bore  of  tho 
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tub*  la  varied  gradually  ti pta  aie  end  to  the  other;  for  ease  of  construction  the 
variation  Is  achieved  in  steps,  although  theoretically  a  continuous  variation  is 
required. 

Is  operation  the  piston  is  dram  through  the  tube  and  the  eater  is  trcasfcrred  fros 
too  side  of  the  piston  to  the  other  through  the  annular  clearance  between  the  piston 
tr.J  the  tube  rail.  As  the  piston  sloes  do'.n  in  its  progress  along  the  tube,  i.e.  is 
phase  with  the  sic  ring  dvn  of  the  aircraft,  the  annular  clearance  I  scoaes  loss,  such 
that  t'te  fluid  velocity  through  the  clearance  is  substantially  constant,  thereby 
devclcpfug  a  constant  fluid  pressure  oa  tho  piston.  This  stateneat  is  not  strictly  true, 
especially  in  the  first  port  of  the  pit- ton  travel,  then  the  rope  experiences  considerable 
dray  frc.i  fluid  friction  as  it  Is  dragged  at  &pccd  through  the  stationary  fluid. 

t 

1 

The  tubes  c.;a  be  laid  es  the  ground  or  ray  bo  hurled,  so  os  not  to  pr?3cut  an 
obstruction  and  as  c  protection  against  frost.  The  bore  of  a  typical  tube  varies 
free  -Jvl  to  7/i  In.  The  c.'.icr  in  such  a  tv.oo  has  a  largo  heat  capacity  and  thus  tho 
gear  era  be  uaed  repeatedly  without  any  fecr  of  overheating.  The  pistes  is  provided 
with  a  light  till  repo  which  la  used  for  ro-scttlcg  tho  gear. 

It  is  probably  tree  to  cry  th-.t  hydraulic  ge-.rs  give  core  ccnuicient  perfort.nuce 
md  can  Is  n-ad  roru  rc.rttdly  than  ^ears  ur.lr.r;  the  property  of  dry  friction.  Kaw- 
c»«r.  ifith  the  recent  iAcssjs  la  friotlca  r.teri-.l  techniques,  particularly  in  air- 
craft  whe-cl  brakes.  r-.vc  parfora&Qce  ia  no*  hot  tor  achieved. 

The  choice  of  gear  c-  ct  n.  res verily  depend  on  car/  factors,  ouch  S3  whether  it  is 
to  be  a  jk>T-  nv.it  inctciir.tlca  or  a  temporary  one,  tho  nature  of  the  site,  end  whether 
or  tot  the  coar-oacuts  c-  h  Zi  easily  transportable. 


c.  znz  i  :cn£Kics  op  /  l  ’Zjzj.kq  csasc  aku  s'sstv  bassists 

To  do  Jretico  to  this  i.  reject  would  require  a  seprrate  caper,  but  it  is  considered 
tb.t  a  toc-inl  yorpeue  t  i  la  be  sailed  in  stating,  vii.ocfc  proof,  coxa  of  tho  cere 
i:  ert;  -i  points  of  such  ft  paper. 

Tka  use  of  j»ron  td  *!rirsr  div.-ata  «Meh  bare  ci&s  tad  ela*  ticlty  loads  to 
cc  lex  rather  .ticvl  pr z  i  ■'  z  .‘1: sirs  on  urrwting  s/oica  theoretically  cud, 
vjiiut  el-stlcity  cun  cu  it-  r-_If;utoJ  without  c-.-ioru  loss  of  accuracy  at  low 
rr;  P'.’S  it  Ik  cf  flirt  order  of  itrport-r.ee  at  high  speeds  -  certainly  at 

rrtrtin  above  ISO  (nets. 

?ith  a  conventional  errosti  book  rod  arresting  uire,  the  uechceies  of  such  a 

cyctes  are  fairly  veil  developed  but,  when  nets  are  us  ad  which  necercarily  icvolvo  rone 
initi  al  alack  in  the  cyut. .  i—rl  -.here  tutorials  of  differing  rusa  desoity  end  elasti¬ 
city  -’re  involved,  theory  at  praseat  can  do  little  rare  than  nd:a  qualitative  pointers 
to  critical  performance  ck .racteristica.  Unfortu  lately  critical  tensions  usually  occur 
scon  after  engagement  is  -rale,  and  before  che  sjia’-d  of  the  aircraft  Is  nigaificoatly 
reduced.  Thu3,  if  fail-arc  occurs  the  consequences  to  the  aircraft  are  the  same  as 
if  on  over-rrn  dovics  had  not  been  used. 
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With  a  barrier  not,  the  aircraft  on  eneagenent  tears  it  loose  froa  the  supporting 
costs  and  the  whole  link  botoeon  lbs  Aircraft  and  the  absorber  becomes  slack.  As  tbs 
aircraft  progresses  forward  this  slock  Is  taken  up  aud  not  until  then  Is  an  appreciable 
tension  sot  up;  thu3  there  Is  no  paying  out  of  rope  from  the  energy  absorber  unit 
(soo  Figure  29).  At  the  Instant  that  the  alack  Is  taken  up,  tho  aircraft  la  demanding 
repo  at  a  rate  of  i  sin  <f>,  yet  nc,:e  Is  being  paid  out  by  tho  absorbor  unit.  This 
difference  In  velocity  results  in  a  considerable  impact  loading  of  tbo  cyotem.  The 
dcr.and  for  cable  by  tho  Lavement  of  Use  aircraft,  not  being  provided  Instantly  by  the 
absorber  unit,  la  satisfied  by  the  ropo  stretching  tndor  tension  (possibly  very 
severe  tension).  Thla  tension  force  then  Bbts  the  absorber  in  motion  to  provide  the 
demand  for  rope  end  thereafter  the  tension  fells  off  rapidly,  except  in  no  far  as  It 
la  modified  by  the  resistance  P,  which  is  then  developed  within  tho  absorber. 

4>0.  in  the  oxptviwlon  i  -  i  sin  £>a.  Is  s  measura  of  tho  initial  slack  end,  In  a 
roorly  d  r.irnf.d  system,  particularly  30  if  the  span  21  in  ssrall,  </>4  cay  easily  reuch 
a  value  of  30°. 

Tho  fcl*h  rt  If  faces  of  a  steal  rr»  la  such  that  It  cannot  stretch  sufficiently  to 
f’o-lda  Lie  <  •  r.d  without  developing  excessive  tensions,  except  for  rlaII  engaging 
a.'e.l r,  .  r  1  rail  caouuta  of  nix'  t.  It  la  for  this  r.ixon  that  nylon  rope  and  webbing 
(-■Itli  its  relatively  leu  stifftv.in)  in'vncd  so  ej.tcnal7.-ly  in  the  coui'truetica  of 
h.-.rrl’.r  nuts,  the  ratio  of  tho  ei!c;.e lou  of  nylon  ard  steel  ropes  of  tho  c.-.:e  ntrength 
c:.n  for  the  s  loading  being  chart  <10  to  1. 

then  c h:g  epochs  are  hijfi,  rarticalnrly  over  1C5  knots,  the  sl.cplor  theory 
outlined  previously  leaves  each  to  be  r'valrel  red  on  i  evst  take  account  of  the  elastic 
r>op.’r*t;a  of  ropes  and  the  feet  i'.:S  tendon  chan ;oa  In  csy  o.:o  part  of  the  syaton 
.are  not  tt'o. . -litid  In.-  ir-iW'.cn:  ;!•/  to  other  ruts  of  the  rye  to,  i.e.  tho  sonic 
vet  .'eity  in  the  rope  e:vat  be  e:  ..iide.ei.  The  overall  effect  of  considering  these 
prer tics  la  that  a  e<  , Ice  fa.ajcn  astim  is  vet  t;  In  tho  ropo  ryake  i,  which  is 
So  effect  cuporir pored  cn  the  tu  ■!•.  a  <  t  :'•/<  irh.-r]  hy  ti  e  clipler  theory.  A  point 
of  yri:  a  l:;  •..ll-’uca  Is  to  d>t>.  r.  !•  e  tie  rj,:b  i  tension  la  thin  syuten.  altheugdi  Its 
Cure. tine  r.ny  only  be  of  tho  order  of  0.01  rec, 

CT  a  point  la  a  straight  Irppk't  of  > -v*  Js  eu.-Vcjly  carried  forward,  say  by  inyact, 
rich  as  aircraft,  along  a  line  uor  .1  to  its  Initial  pr-iticu,  then  a  tein.W  care  Is 
fnlM’tcU  at  the  point  of  J.  .'.at  y_-  ra  ;„t..-j  alcc.j  the  repo  at  each  aide  of  the 

t  oia.i  of  i  p-et  with  the  unite  vole^.it.r  "pro;. into  to  the  rope.  It  cm  bo  ei’OiOi 
ti-t  this  t-.rsloi  bis  a  value  of 


where  v  =  impact  velocity 

k  =  velocity  of  sound  in  the  ropo 

and  a  =  the  lino  density. of  the  ropo. 

Tho  initial  impact  tension  frlven  by  Egiiitlon  (fi)  r. ill  build  up  as  tlis  tension  travo 
frent  Is  eecessarlly  reflected  at  various  points  In  the  ropo  anJ/or  net  system. 
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where  a  Is  a  reflection  factor  whose  value  is  rarely,  If  ever,  leas  than  2,  and  any 
reach  5,  according  to  tbo  detailed  design  of  a  particular  system.  If  then  wo  put  T  ( 
equal  to  tho  ultimata  strength  of  the  rope  we  can  determine  the  engaging  speed  which 
will  produco  failure: - 


Por  a  rope  of  a  given  material,  T/n  and  k  are  constant  end  independent  of  the 
diameter  of  the  rope;  co,  from  Equation  (3),  wo  note  tho  important  fact  that  the 
critical  velocity  In  independent  of  tho  nlze  of  the  rope,  and  failure  of  a  rope  may 
not  necessarily  bo  prevented  by  the  uao  of  a  heavier  ropo  of  the  snae  material. 


For  a  good  quality  steel  rope,  T/n  ecu -.13  55,000  ft  ftiid  k  equals  10,000  ft/scc, 
while  for  a  dra-zn  nylon  ropo  T/u  equals  C5,  COO  ft  and  k  equals  2500  ft/enc.  Tlius  tho 
critical  l;  pint  velocity  for  a  nyloi  ropo  Is  rare  then  twlco  that  for  steel,  assuming 
that  tha  reflection  factor  n  la  tho  cuj3  for  the  two  ropes. 


Thus,  r-riln,  the  superiority  of  nylon  compared  with  steel  has  bseu  proved. 
L'nforturntoly  nylon  will  not  withstand  r.brxiloa  as  noil  as  steel,  sines  Its  strength 
collcr-es  If,  through  chafing  notion,  tha  temperature  of  tho  rope  is  raised  to  more 
than  200-C. 


The  cvlf  ?.;ca  on  whether  to  uoo  a  pair  of  energy  absorbers,  one  on  each  side  of  the 
ninr-y,  or  a  single  rntt  la  not  crvolvalve.  With  s  single  >  ilt  equal  n:, aunts  of  ropo 
are  paid  In  to  tho  '.-.ids  of  tlio  'catcher*.  ;'-ny  yours  ego,  when  operating  tall-r heeled 
aircraft  r  board  cirrlcrs.  It  was  c.vt-hl.  Ishcd  that  the  single  unit  r/ia  the  bettor, 
r  'i'tlc  jl’.rly  in  prov- sting  ;  n  ilrcv.u't  that  landed  off-centre  deviating  more  off-centre 
su  t!ie  trrcofc  took  pice,  with  the  peaeibility  of  track  log  over  tho  edge  of  tha  deck. 

Aj  a  res  ilt,  single  r-.i*a  have  breo  .a  o-cseptcd  practice,  although  r.osc-v.hcelod  aircraft 
elr/nt  sell  r-.-ct  £c:.£r.;  .t  differently. 

A  pair  of  separata  unlt3  does  not  necessarily  pay  out  equal  quantities  of  ropo  end, 
in  the  c.  r,-  of  a  tall  wheeled  circrnft  with  arresting  book  engaging  an  arresting  wire 
off-centra,  a>:d  provided  v/Uh  drag  chains,  the  aircraft  will  suing  further  awry  from 
tho  cc.tre  line.  It  i  ay  even  swing  off  the  runway  and  pass  over  the  tail  end  of  tho 
chain  if  the  initial  off-centre  distance  is  great. 

An  aircraft  engaging  of f-ccntro  with  a  net  rigged  with  independent  drum  units 
appears  In  general  to  follow  Its  Initial  direction,  generally  accompanied  by  a  yawing 
oscillation. 


Although  tho  problem  of  off-centre  engagements  r.nd  tho  superiority  of  single  or 
paired  absorber  units  Is  not  completely  understood,  particularly  in  respect  of  direc¬ 
tional  stability,  this  does  not  appear  to  be  a  point  of  importance. 
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1.  CONCLUSIONS 

SeiTlco  (iso  of  over-run  control  devices  Is  so  United  at  present  that  fina  con- 
elusions  cannot  be  mada,  bat  an  expression  of  opinion  noetzs  to  be  Justifiable. 

Soft  ground  oror-rra  areo3  cannot  bo  rag&rdod  as  offering  anything  approaching  a 
satisfactory  colutlon  to  the  problem. 

If  over-run  control  in  to  be  tackled  seriously,  the  boat  solution  io  to  fit  ths 
aircraft  with  an  arresting  booh,  after  tbs  fashion  of  carriov-borno  aircraft,  cud 
Install  on  the  gro  r-sl  a  conventional  arresting  wire  In  ccru  rout  Ion  with  a  *Water 
S-ireorer’  cnovrj  absorber. 

If  a  conventional  errcstlug  book  cannot  be  fitted  to  tbo  c.ircr.ift,  the  following 
points  ere  Dads. 

for  lar’jo  felrorr.'t,  tt;:lerc".rricfa  roti'.rdntlo.t  sccna  rost  suitable,  provided  that 
the  alrorrft  conf t ,:r..tlon  is  suitable.  ‘•bo  wreatiia  wira  t  lidos  rochnoiea  noods 
core  d.t  '.il  .'d  oncniivition. 

If  tV.a  largo  ■■  cv.'.'t  t  .vu  cot  a  suitable  coafirerr.tioa  for  ur.ilnrcarrlugo 
cr.-o.'.tJcs,  there  Is  ro  cltiu'iv.tlvo  to  n  not. 

f\jr  iv.ill  Aircraft  of  the  fighter  cions,  nltu  underwit.;  fitores,  a  net  aorus  to  be 
the  best  choice. 

ft  e--o  of  ti-:  -  jr.i.tlcn  and  ;:?*•»  of  in-tr.llr.tto::  :.\e  of  first  iiipertc.noe 
la  the  choice  of  t  .  ■  j  :V;,h  ;r  units,  the  ro:  :~grcs  t,:u  z  .'Id  lrt  first  clinics, 
o.’.i-.'.r;  Ji  It  In  tr  .')/  .rl  to  he  inferior  to  tho  '..  .lor  Sn-.v frier’  la  fractional 
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PiC.  1  Am-ct-lug  hoo'<  installation  topical  of  naval  carrier-borne  aircraft 


Pie. 2  Arresting  with  coaveutional  arresting  hook 


nose-wheel.  I 


/ 

Mc.j  II,  ,  configuration  of  „=aom«rrl«.  »>““» 


pig, 4  Arrsstin*  *lr<j  scoops 


Slapla  aet  barrier  (Swedish  type) 
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Pi *.9  Aircraft  eay.gt^ant  with  •  cor.xmnd  net  barrier 


Plj.15  rnxsvr*-cyer*U±  Jr-cl*  la:  liftlr.s  &n  arresting  dre 


ACTUATOR 

STP.MV 


Fll.10  Aircraft -operated  jr.ci*  far  lifting  *a  arr-istJos  wins 


Tip.  17  Airexaft-onr rated  lcrtra  far  lifting  t_a  arrr.;tliis  'dre 


Pig.  27  Diagram  of  ur-'Jran'n  nylon  rope  energy-absorber  pack 


